Проектирование Куюсского гидроузла на реке Катунь. Контроль состояния элементов подземного контура бетонной плотины на примере Куюсской ГЭС by Блинов, Ярослав Андреевич
Федеральное государственное автономное
образовательное учреждение
высшего образования
(сиБирскша ФЕшрАльныЙ унивЕрситЕт)
СМНО ­ШУIIIЕНС КШ7 ФИЛИАЛ
Кафедра гидротехнических сооружений
УТВЕРЖДАЮ
Заведуюrций кафедрой
В.Б. Затеев
БАКАЛАВРСКАЯ РАБОТА
08.03.01­ << Строительство >
Проектирование Куюсского гидроузла на реке Каryнь. Контроль
состояния элементов подземЕого контура бетонной плотины на примере
Куюсской ГЭС
(подпись) (инициалы
(>
фамилия)
20_г
Е.Е Алимова
(инициа­ltы фамилия)
Я.А. Блинов
(инициалы фамилия)
Руководитель
Выпускник
Инженер
должность, }.{eнajI степень)
зk
(подпись) 
.
Саяногорск; Черемушки 2018
Продолжение тиryльного листа БР по теме <Проектирование
Кlтосской ГЭС на реке Катунъ. Контроль состояния элементов подземного
контура бетонной пJIотины на примере Куюсской ГЭС>.
Консультанты по рЕtзделам:
В одно­энергетические расчёты
основное и вспомогательное
оборулование
Компоновка и сооружения
гидроузла
Организация и производство
гидротехниче ских работ
технико­экономические показатели
Спецвопрос
Нормоконтролёр
подписъ, дата инициалы, фамилия
г
а^<­
аШшЪ,оf,,)$|g в.Б.затеев­J­ подпись, дата инициалы,фамилия
с1 э­t­" о6. /8
подпись, дата
й_,r рdпF
,IТИСЬ, ДаТа
l(aB
подпись, дата
Е.Ю. Затеева
инициалы,фамилия
4З.dс?э4g В.Б. Затеев
инициалы,фамилия
В.В. Лапасова
инициалы, фамилия
Е.Е. Алимова
инициЕtJIы, фамилия
А.А. Чабанова
инициаjIы, фамилия
l/fu
Федералъное государственное автономное
образовательное )чреждение
высшего образования
(СИБИРСКШZ ФЕШРАЛЬНЫЙ УНИВЕРСИТЕТ>
смно­шуr т тF.нскии ФилиАл
отзыв
работе <<Проектирование К}тосской ГЭС на реке Катунь. Контроль состояния
элементов подземного контура бетонной плотины на примере Куюсской
Бакшrаврская работа <Проектирование Куюсской ГЭС на реке Катунь.
Контроль состояниrI элементов подземного контура бетонной гIлотины на
примере Куюсской ГЭС) выrтолнена в полном объеме в соответствии с
выданным заданием. Представлена 115 листах пояснительной заrтиски, 6
чертежах и плакатах. Все части проекта рассмотрены достаточно подробно.
В работе произведен водно­энергетический расчет, разработаны и
рассчитаны гидросооружениrI, основное и вспомогательное гидросиловое
оборудование, технологиrI строительства. Разработаны мероприrIтия по
охране труда, противоtIожарной безопасности и охраЕе rтрироды, а также
выполнены технико_экономические расчеты.
Следует отметить, что все принrIтые в проекте решениrI соответствуют
действутощим нормам и правилам, а также стандартам ПАО <<РусГидро>>.
В рамках спец.вопроса был рассмотрен коIIтроль состояниrI элемнтов
подземного контура бетонной гrлотины на примере Куюсской ГЭС..
Следует отметить полноту, аккуратность, четкость и
последовательность изJIожения rrояснительной записки, хорошее качество
графической части.
В процессе работы над дипломным проектом Я.А. Блинов показап
хорошие теоретические знания, самостоятельность в выборе технических
решений.
Бакалаврская работа <Проектирование Куюсской ГЭС на реке Катунь.
Контроль состояниlI элементов гIодземного контура бетонной плотины на
примере Кlтосской ГЭС) заслуживает положительной оценки, а автор
работы присвоения кваJIификации <<бакалавр­строитель)
гэс>
Блинова Ярослава Андреевича
.Щата /_/ оа . l р ,, Подпись ф, ^
  
 
ɋɈȾȿɊɀȺɇɂȿ 
 
ɋɨɤɪɚɳɟɧɧɵɣ ɩɚɫɩɨɪɬ Ʉɭɸɫɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɧɚ ɪɟɤɟ Ʉɚɬɭɧɶ .................................................. 4 
ȼȼȿȾȿɇɂȿ .................................................................................................................................... 6 
1 Ɉɛɳɚɹ ɱɚɫɬɶ ................................................................................................................................ 7 
1.1 ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ ................................................................................................................. 7 
1.2 Ʉɥɢɦɚɬ ....................................................................................................................................... 7 
1.3 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ........................................................................................................ 7 
2 ȼɨɞɧɨ –ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ............................................................................................... 8 
2.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ............................................................................................................... 8 
2.2 ȼɵɛɨɪ ɪɚɫɱɟɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɝɨ ɩɨ ɜɨɞɧɨɫɬɢ ɝɨɞɚ ɩɪɢ 
ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɬɨɤɚ ................................................................................................... 9 
2.3 ɉɨɫɬɪɨɟɧɢɟ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ................................................ 12 
2.4. ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ .............................................................................................................................. 14 
2.5 Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɣ 
ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɵ ....................................................................................................... 16 
2.6 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ....................... 18 
2.7 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ..................................................... 21 
ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ....................................................................................................................... 21 
2.8 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ . 24 
2.9 Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ................................................................................................................... 27 
3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ .......................................................................... 29 
3.1 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ................................................................................................ 29 
3.1.1ȼɵɛɨɪ ɬɭɪɛɢɧɵ ɩɨ ɝɥɚɜɧɵɦ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ .......................... 31 
3.1.2 ɉɪɨɜɟɪɤɚ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɢ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ 34 
3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɝɥɭɛɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɟɟ 
ɛɟɡɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ........................................................................................................... 35 
3.2.1 Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ 35 
3.2.2 Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɧɚɩɨɪɟ ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ....... 36 
3.2.3 Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɟɦɭ 
ɦɨɳɧɨɫɬɢ ɧɚ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ............................................................................................... 36 
3.3 ɉɨɞɛɨɪ ɢ ɤɨɧɬɪɨɥɶɧɵɣ ɪɚɫɱɟɬ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ ........................................................ 37 
3.3.1 ȼɵɛɨɪ ɬɢɩɚ ɢ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ........................ 38 
3.3.2 ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ............................................................... 38 
4 Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ, ɜɵɛɨɪ ɬɢɩɚ ɢ ɪɚɫɱɟɬ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ................................. 39 
4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ............................................................... 39 
4.2 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ......................................................................................................... 43 
4.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ........................................................ 43 
4.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ ............................................................... 45 
4.2.3 ɉɪɨɜɟɪɤɚ ɧɚ ɩɪɨɩɭɫɤ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ . 46 
4.2.4 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɥɢɜɧɨɣ ɩɥɨɬɢɧɵ .......................................................... 48 
4.2.5 Ɋɚɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ......................................................... 49 
4.2.6 Ɋɚɫɱɟɬ ɝɚɲɟɧɢɹ ɷɧɟɪɝɢɢ ɫɩɨɫɨɛɨɦ ɫɜɨɛɨɞɧɨ ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɢ ..................... 51 
4.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ........................................................................... 54 
4.4 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɲɜɚɦɢ ........................................................................................ 54 
4.5 Ȼɵɤɢ ........................................................................................................................................ 55 
4.7 Ⱦɪɟɧɚɠ ɬɟɥɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ............................................................................................. 56 
4.8 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧ ........................................................................................................... 57 
4.9 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ ɩɥɨɬɢɧɵ .......................... 57 
4.9.1 ɐɟɦɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ ɢ ɞɪɟɧɚɠ .......................................................................... 57 
2 
 
4.10 Ɏɢɥɶɬɪɚɰɢɨɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ ................................................................ 58 
4.10.1 ɉɨɫɬɪɨɟɧɢɟ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ................................................ 58 
4.11 Ɉɛɨɫɧɨɜɚɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ........................................ 60 
4.11.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ ........................... 60 
4.11.2 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ ɢ ɡɚɬɜɨɪɨɜ .................................................................................. 61 
4.11.3 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ............................................................. 62 
4.11.4 ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ ...................................... 63 
4.11.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ..................................................................................................... 64 
4.11.6 ȼɨɥɧɨɜɨɟ ɞɚɜɥɟɧɢɟ ................................................................................................ 64 
4.12 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ................................................................................................ 66 
4.13 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ............................................................................................ 71 
4.14 Ɋɚɫɱɟɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɧɚ ɫɞɜɢɝ ɩɨ ɨɫɧɨɜɚɧɢɸ .................................................... 72 
5 ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ ɢ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ................................................................................ 75 
5.1 Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ ɢ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɣ ..................................................................... 75 
5.2 Ɉɪɝɚɧɢɡɚɰɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ .................................................................................................. 75 
5.3.1 Ɋɚɡɛɢɜɤɚ ɫɨɨɪɭɠɟɧɢɹ ɧɚ ɷɬɚɩɵ ɜɨɡɜɟɞɟɧɢɹ .......................................................... 75 
5.4 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ....................................................................................................... 77 
5.4.1 Ɉɱɟɪɟɞɧɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɩɪɨɩɭɫɤ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ........................ 77 
5.5 Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɬɟɯɧɨɥɨɝɢɹ ɪɚɛɨɬ ɩɨ ɜɨɡɜɟɞɟɧɢɸ ɩɟɪɟɦɵɱɟɤ ɢ Ʉɇɉ ............................... 79 
5.5.1  ɉɪɨɩɭɫɤ ɩɚɜɨɞɤɨɜ ɜ 3-ɣ ɝɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ......................................................... 79 
5.5.2 ɉɪɨɩɭɫɤ ɩɚɜɨɞɤɚ ɜ 4-ɣ ɝɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ............................................................ 79 
5.6 Ɉɪɝɚɧɢɡɚɰɢɹ ɪɚɛɨɬ ɜ ɤɨɬɥɨɜɚɧɟ ............................................................................................ 80 
5.6.1 Ɋɚɫɱɟɬ ɤɨɬɥɨɜɚɧɚ I ɨɱɟɪɟɞɢ .................................................................................... 80 
5.6.2 Ɉɫɭɲɟɧɢɟ ɤɨɬɥɨɜɚɧɚ I ɨɱɟɪɟɞɢ .............................................................................. 81 
5.6.3 Ɋɚɡɪɚɛɨɬɤɚ ɤɨɬɥɨɜɚɧɚ ɩɨɞ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ................................................ 82 
5.6.4 Ɋɚɫɱɟɬ ɤɨɬɥɨɜɚɧɚ II ɨɱɟɪɟɞɢ: .................................................................................. 84 
5.6.5 Ɉɫɭɲɟɧɢɟ ɤɨɬɥɨɜɚɧɚ II ɨɱɟɪɟɞɢ ............................................................................. 84 
5.6.6 Ɋɚɡɪɚɛɨɬɤɚ ɤɨɬɥɨɜɚɧɚ ɩɨɞ ɫɬɚɧɰɢɨɧɧɭɸ ɱɚɫɬɶ ɩɥɨɬɢɧɵ, ɢ ɝɥɭɯɭɸ 
ɩɪɚɜɨɛɟɪɟɠɧɭɸ ɩɥɨɬɢɧɭ ɢ ɡɞɚɧɢɟ Ƚɗɋ. ........................................................................ 85 
5.7 Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ ɩɨ ɷɬɚɩɚɦ ................................................................ 86 
5.8 ɋɬɪɨɢɬɟɥɶɧɵɣ ɝɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ......................................................................................... 89 
5.9 Ʉɚɥɟɧɞɚɪɧɵɣ ɩɥɚɧ ................................................................................................................. 90 
6 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ........................................................................ 91 
6.1 ɉɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ........................................................................................................... 91 
6.2 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ........................................................... 92 
6.3 ɉɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ............................................................................................................ 93 
6.4 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɡɚɳɢɬɟ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɢ ɠɢɜɨɬɧɨɝɨ ɦɢɪɚ ............................................... 93 
7 Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɪɚɫɱɟɬ ɪɚɫɯɨɞɨɜ ɧɚ ɩɪɨɟɤɬ ............................. 95 
7.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɛɴёɦɨɜ ɝɟɧɟɪɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ................................................................. 95 
7.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ............................................................................................ 95 
7.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ................................................................................................................ 97 
7.4 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ........................................................................................................ 98 
7.5 ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ .................................................................................... 99 
7.6 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ..................................................................................................... 99 
8. Ʉɨɧɬɪɨɥɶ ɫɨɫɬɨɹɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɧɚ ɩɪɢɦɟɪɟ 
Ʉɭɸɫɫɤɨɣ Ƚɗɋ ........................................................................................................................... 102 
8.1 ɉɨɞɡɟɦɧɵɣ ɤɨɧɬɭɪ ɫɨɨɪɭɠɟɧɢɹ. ........................................................................................ 102 
8.2 Ʉɨɧɬɪɨɥɶ ɫɨɫɬɨɹɧɢɹ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ Ʉɭɸɫɫɤɨɣ ɩɥɨɬɢɧɵ ....................................... 106 
8.2.1 ɉɶɟɡɨɦɟɬɪɢɱɟɫɤɚɹ ɫɟɬɶ.......................................................................................... 106 
8.2.2 Ⱦɪɟɧɚɠɧɚɹ ɫɟɬɶ ...................................................................................................... 109 
8.2.3 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɤɨɧɬɪɨɥɶɧɨ - ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɚɩɩɚɪɚɬɭɪɚ ................................. 110 
8.2.4 ȼɢɡɭɚɥɶɧɵɟ ɧɚɛɥɸɞɟɧɢɹ ....................................................................................... 110 
3 
 
8.3 Ɉɰɟɧɤɚ ɫɨɫɬɨɹɧɢɹ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ ............................................................................. 110 
ɁȺɄɅɘɑȿɇɂȿ.......................................................................................................................... 112 
ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ ................................................................ 113 
  
  
4 
 
 
ɋɨɤɪɚɳɟɧɧɵɣ ɩɚɫɩɨɪɬ Ʉɭɸɫɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɧɚ ɪɟɤɟ Ʉɚɬɭɧɶ 
 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ƚɗɋ: Ʉɭɸɫɫɤɚɹ Ƚɗɋ ɧɚ ɪɟɤɟ Ʉɚɬɭɧɶ,      
Ɇɟɫɬɨɧɚɯɨɠɞɟɧɢɟ Ƚɗɋ Ⱥɥɬɚɣɫɤɢɣ ɤɪɚɣ, 
Ɍɢɩ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɭɫɬɚɧɨɜɤɢ Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹ.      
 
ɏɚɪɚɤɬɟɪɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ: 
ɚ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ 549 ɦ³/ɫ, 
ɛ) ɜɫɟɯ ɬɭɪɛɢɧ 997,7 ɦ³/ɫ, 
ɜ) ɦɚɤɫɢɦɚɥɶɧɵɣ ɫ ɭɱɟɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɚɜɨɞɤɚ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ   
    0,1%, 5449 ɦ³/ɫ, 
 
ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: 
ɚ) ɯɚɪɚɤɬɟɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɨɤɚ ɦɧɨɝɨɥɟɬɧɢɣ; 
ɛ) ɨɬɦɟɬɤɢ: ɇɉɍ 839 ɦ; ɍɆɈ 818,70 ɦ; 
ɜ) ɨɛɴɟɦɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: ɩɨɥɧɵɣ 3 ɤɦ3; ɩɨɥɟɡɧɵɣ 0,93 ɤɦ3. 
 
ɇɚɩɨɪɵ Ƚɗɋ:  
ɚ) ɦɚɤɫɢɦɚɥɶɧɵɣ 48,3 ɦ;     
ɛ) ɪɚɫɱɟɬɧɵɣ 37,8 ɦ; 
ɜ) ɦɢɧɢɦɚɥɶɧɵɣ 30 ɦ; 
 
ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
ɚ) ɦɨɳɧɨɫɬɶ, ɭɫɬɚɧɨɜɥɟɧɧɚɹ 262 Ɇȼɬ; ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ 174 Ɇȼɬ; 
ɛ) ɋɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 34,12 ɦɥɧ. ɤȼɬ.ɱ; 
ɜ) ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 6700 ɱɚɫ; 
 
ɉɥɨɬɢɧɵ: 
ɚ) ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɜɨɞɨɫɥɢɜɧɚɹ ɦɚɬɟɪɢɚɥ ɛɟɬɨɧ, 
ɛ) ɥɟɜɨɛɟɪɟɠɧɚɹ ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɝɥɭɯɚɹ ɦɚɬɟɪɢɚɥ ɛɟɬɨɧ; 
ɜ) ɫɬɚɧɰɢɨɧɧɚɹ ɩɪɢɩɥɨɬɢɧɧɚɹ ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɦɚɬɟɪɢɚɥ ɛɟɬɨɧ; 
ɝ) ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɝɥɭɯɚɹ ɦɚɬɟɪɢɚɥ ɛɟɬɨɧ, 
ɞ) ɨɛɳɚɹ ɞɥɢɧɚ 216 ɦ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ 61 ɦ. 
 
ȼɨɞɨɫɛɪɨɫɧɵɟ ɫɨɨɪɭɠɟɧɢɹ 
ɚ) ɬɢɩ ɝɚɲɟɧɢɟ ɷɧɟɪɝɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɩɨɫɨɛɨɦ ɨɬɛɪɨɫɚ ɫɬɪɭɢ, 
ɛ) ɱɢɫɥɨ ɩɪɨɥɟɬɨɜ 3 ɨɬɜɟɪɫɬɢɹ; 
ɜ) ɨɛɳɚɹ ɞɥɢɧɚ 36 ɦ, 
 
Ɂɞɚɧɢɟ Ƚɗɋ: 
ɚ) ɬɢɩ ɡɞɚɧɢɹ ɩɪɢɩɥɨɬɢɧɧɨɟ ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ 3, 
ɛ) ɪɚɡɦɟɪɵ: ɨɛɳɚɹ ɞɥɢɧɚ 60.75 ɦ ɲɢɪɢɧɚ 24 ɦ. 
Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: 
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ɚ) ɬɢɩ ɬɭɪɛɢɧɵ ɉɅ50-ȼ,  
ɛ) ɬɢɩ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-835/180-36, ɟɝɨ ɦɨɳɧɨɫɬɶ 111 Ɇȼ∙Ⱥ, 
ɜ) ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 166,7 ɨɛ/ɦɢɧ, 
 
Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
ɚ) ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ 5,1 ɝɨɞ, 
ɛ) ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɧɟɪɝɢɢ0,15 ɤɨɩ/ɤȼɬ∙ɱ, 
ɜ) ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ 97704 ɪɭɛ/ɤȼɬ 
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ȼȼȿȾȿɇɂȿ 
 
Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɡɚɧɢɦɚɸɬ ɨɫɨɛɨ ɜɚɠɧɨɟ ɦɟɫɬɨ ɜ ɫɨɜɪɟɦɟɧɧɵɯ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ, ɜɵɩɨɥɧɹɹ ɝɥɚɜɧɭɸ ɪɨɥɶ ɩɨ ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɟё 
ɩɚɪɚɦɟɬɪɨɜ ɜ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɪɟɠɢɦɚɯ, ɚ ɬɚɤɠɟ ɩɨɤɪɵɜɚɹ ɧɚɢɛɨɥɟɟ 
ɧɟɪɚɜɧɨɦɟɪɧɭɸ ɱɚɫɬɶ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ 
ɬɨɜɚɪɧɨɣ ɩɪɨɞɭɤɰɢɢ Ƚɗɋ ɜɟɫɶɦɚ ɩɨɥɨɠɢɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ 
ɰɟɧɨɨɛɪɚɡɨɜɚɧɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɪɵɧɤɟ ɟё ɫɛɵɬɚ. 
Ƚɢɞɪɨɫɬɚɧɰɢɢ – ɨɞɢɧ ɢɡ ɫɚɦɵɯ ɷɮɮɟɤɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɬɭɪɛɢɧ ɞɨɫɬɢɝɚɟɬ 97%, ɱɬɨ 
ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɲɟ ɄɉȾ ɬɭɪɛɢɧ ɞɪɭɝɢɯ ɬɢɩɨɜ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. 
ȼ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɝɢɞɪɨɫɬɚɧɰɢɹɯ 
ɨɬɫɭɬɫɬɜɭɟɬ ɬɨɩɥɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ, ɱɬɨ ɞɟɥɚɟɬ ɷɧɟɪɝɢɸ ɛɨɥɟɟ 
ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɣ ɜ ɭɫɥɨɜɢɹɯ ɪɵɧɤɚ. 
Ƚɢɞɪɨɫɬɚɧɰɢɢ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɦɚɧɟɜɪɟɧɧɵɦɢ ɢɡ ɜɫɟɯ ɬɢɩɨɜ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. Ƚɢɞɪɨɫɬɚɧɰɢɢ ɫɩɨɫɨɛɧɵ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɜɟɥɢɱɢɜɚɬɶ 
ɜɵɪɚɛɨɬɤɭ ɢ ɜɵɞɚɜɚɟɦɭɸ ɦɨɳɧɨɫɬɶ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɦɢɧɭɬ, ɬɨɝɞɚ ɤɚɤ 
ɬɟɩɥɨɜɵɦ ɫɬɚɧɰɢɹɦ ɞɥɹ ɷɬɨɝɨ ɬɪɟɛɭɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɱɚɫɨɜ, ɚ ɚɬɨɦɧɵɦ – ɫɭɬɤɢ. 
ɗɬɨ ɩɨɡɜɨɥɹɟɬ Ƚɗɋ ɩɨɤɪɵɜɚɬɶ ɩɢɤɨɜɵɟ ɧɚɝɪɭɡɤɢ ɢ ɩɨɞɞɟɪɠɢɜɚɬɶ ɱɚɫɬɨɬɭ 
ɬɨɤɚ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. 
Ƚɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɦɨɳɧɨɫɬɢ ɜɧɨɫɹɬ ɨɳɭɬɢɦɵɣ ɜɤɥɚɞ ɜ ɨɛɟɫɩɟɱɟɧɢɟ 
ɫɢɫɬɟɦɧɨɣ ɧɚɞɟɠɧɨɫɬɢ ɢ ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɜɫɟɣ ȿɞɢɧɨɣ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫɬɪɚɧɵ. 
ȼɫɟ ɷɬɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɨɞɬɚɥɤɢɜɚɸɬ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɧɨɜɵɯ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. 
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1 Ɉɛɳɚɹ ɱɚɫɬɶ  
 
1.1 ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ 
 
Ʉɚɬɭɧɶ ɹɜɥɹɟɬɫɹ ɫɚɦɨɣ ɤɪɭɩɧɨɣ ɪɟɤɨɣ, (ɨɫɧɨɜɧɨɣ ɜɨɞɧɨɣ 
ɚɪɬɟɪɢɟɣ) Ƚɨɪɧɨɝɨ Ⱥɥɬɚɹ. Ʉɚɬɭɧɶ "ɤɚɞɵɧ" ɜ ɩɟɪɟɜɨɞɟ ɫ ɞɪɟɜɧɟɬɸɪɤɫɤɨɝɨ 
ɨɡɧɚɱɚɟɬ - "ɯɨɡɹɣɤɚ, ɝɨɫɩɨɠɚ".  
Ⱦɥɢɧɚ ɟё ɜɨɞɨɫɬɨɤɚ ɫɨɫɬɚɜɥɹɟɬ 688 ɤɦ; ɩɥɨɳɚɞɶ ɜɨɞɨɫɛɨɪɚ 60,9 ɬɵɫ. 
ɤɦ². ȼ ɛɚɫɫɟɣɧɟ Ʉɚɬɭɧɢ ɧɚɫɱɢɬɵɜɚɟɬɫɹ ɛɨɥɟɟ 800 ɥɟɞɧɢɤɨɜ ɨɛɳɟɣ ɩɥɨɳɚɞɶɸ 
625 ɬɵɫ. ɤɦ², ɩɨɷɬɨɦɭ ɥɟɞɧɢɤɨɜɨɟ ɩɢɬɚɧɢɟ Ʉɚɬɭɧɢ ɢɝɪɚɟɬ ɫɭɳɟɫɬɜɟɧɧɭɸ 
ɪɨɥɶ. ɋɪɟɞɧɢɣ ɝɨɞɨɜɨɣ ɪɚɫɯɨɞ ɜɨɞɵ ɭ ɧɚɫɟɥёɧɧɨɝɨ ɩɭɧɤɬɚ ɋɪɨɫɬɤɢ (53 ɤɦ ɨɬ 
ɭɫɬɶɹ) 626 ɦ³/ɫ. 
ȼɵɬɟɤɚɟɬ ɪɟɤɚ Ʉɚɬɭɧɶ ɢɡ ɥɟɞɧɢɤɚ Ƚɟɛɥɟɪɚ, ɝɨɪɵ Ȼɟɥɭɯɚ ɤɨɬɨɪɵɣ 
ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɜɵɫɨɬɟ ɨɤɨɥɨ 2000 ɦ ɢ ɡɚɦɟɬɧɵɦ ɩɨɬɨɤɨɦ ɭɫɬɪɟɦɥɹɟɬɫɹ ɜɧɢɡ 
ɩɨ ɞɨɥɢɧɟ, ɜ ɷɬɨɦ ɦɟɫɬɟ ɜ ɨɛɥɢɤɟ Ʉɚɬɭɧɢ ɨɬɱɟɬɥɢɜɨ ɡɚɦɟɬɧɚ ɥɟɞɧɢɤɨɜɚɹ 
ɨɛɪɚɛɨɬɤɚ. ɉɪɢɦɟɪɧɨ ɱɟɪɟɡ ɞɜɚ ɤɢɥɨɦɟɬɪɚ ɜ ɧɟɟ ɜɩɚɞɚɟɬ ɪɟɤɚ Ɋɚɫɫɵɩɧɚɹ, ɢ 
ɨɬɫɸɞɚ Ʉɚɬɭɧɶ ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ ɫɬɪɟɦɢɬɟɥɶɧɨɣ ɩɨɥɧɨɜɨɞɧɨɣ ɪɟɤɢ, ɨɫɨɛɟɧɧɨ 
ɜ ɥɟɬɧɟɟ ɜɪɟɦɹ, ɤɨɝɞɚ ɧɚɱɢɧɚɸɬ ɢɧɬɟɧɫɢɜɧɨ ɬɚɹɬɶ ɫɧɟɝɚ ɢ ɥɶɞɵ ɥɟɞɧɢɤɨɜ. 
 
1.2 Ʉɥɢɦɚɬ 
 
ȼ ɪɚɣɨɧɟ ɫɬɜɨɪɚ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ Ʉɭɸɫɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɤɥɢɦɚɬ 
ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ, ɞɥɹ ɧɟɝɨ ɯɚɪɚɤɬɟɪɧɨ ɫɪɚɜɧɢɬɟɥɶɧɨ ɠɚɪɤɨɟ ɥɟɬɨ ɢ ɦɨɪɨɡɧɚɹ 
ɡɢɦɚ ɫ ɭɫɬɨɣɱɢɜɵɦ ɫɧɟɠɧɵɦ ɩɨɤɪɨɜɨɦ, ɫɢɥɶɧɵɦɢ ɜɟɬɪɚɦɢ ɢ ɨɛɢɥɢɟɦ 
ɨɫɚɞɤɨɜ.  
 
1.3 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
 
ɋɪɟɞɧɟɦɟɫɹɱɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ ɢɦɟɸɬɫɹ ɡɚ 40 ɥɟɬ ɢ ɤɨɥɟɛɥɸɬɫɹ ɨɬ 1452 
ɦ3/ɫ (1963-1964ɝɝ.) ɞɨ 812 ɦ3/ɫ (1999-2000ɝɝ.) ɋɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ ɪɚɫɯɨɞ 
ɜɨɞɵ ɜ ɫɬɜɨɪɟ Ƚɗɋ ɪɚɜɟɧ 1066 ɦ3/ɫ. 
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2 ȼɨɞɧɨ –ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 
2.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
1. Ⱦɚɧɧɵɟ ɩɨ ɷɧɟɪɝɨɫɢɫɬɟɦɟ: 
1.1. ɗɧɟɪɝɨɫɢɫɬɟɦɚ ɋɢɛɢɪɶ ɩɨ ɬɢɩɨɜɵɦ ɝɪɚɮɢɤɚɦ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɞɥɹ 
ɲɢɪɨɬɵ  «ɐɟɧɬɪ». 
1.2. Ƚɨɞɨɜɨɣ ɦɚɤɫɢɦɭɦ ɧɚɝɪɭɡɤɢ 35000 Ɇȼɬ. 
1.3. ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 6700 ɱ. 
1.4. Ɋɟɡɟɪɜɵ: ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ 1,5%, ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ 
ɫɢɫɬɟɦɵ 7%. 
2. Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɵɯ ɫɜɹɡɟɣ Ʉɭɸɫɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ. 
Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɵɯ ɪɚɫɯɨɞɨɜ Ʉɭɸɫɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 
 
Ɍɚɛɥɢɰɚ 2.1 – Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɨɣ ɪɚɫɯɨɞɨɜ 
Zɧɛ Qɥɟɬɨ Zɧɛ ɥɟɬɨ Qɡɢɦɚ  Zɧɛ ɡɢɦɚ 
784 0 784 0  784 
788 741,00 788 593  788 
792 1881 792 1505  792 
796 3325 796 2660  796 
800 4921 800 3937  800 
804 6821 804 5457  804 
808 8949 808 7160  808 
812 11191 812 8953  812 
816 13547 816 10838  816 
820 16093 820 12874  820 
 
ɇɚ ɪɢɫɭɧɤɟ 2.1 ɢɡɨɛɪɚɠɟɧɚ ɤɪɢɜɚɹ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɜ ɧɢɠɧɟɦ 
ɛɶɟɮɟ ɝɢɞɪɨɭɡɥɚ. 
 
 Ɋɢɫɭɧɨɤ 2.1 - Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ܼʜʐ = ݂ሺܳሻ 
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3. Ɂɢɦɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɪɢɜɨɣ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɜ ɇȻ 0,88. 
4. Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ  ݇𝑁 = ͺ,ͷ. 
5. ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ Δh=0,83 ɦ. 
6. ɇɉɍ ɝɢɞɪɨɭɡɥɚ = 839,00 ɦ. 
7. ȾɇɈ ɝɢɞɪɨɭɡɥɚ = 784,00 ɦ. 
8. Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɪɚɫɯɨɞɨɜ ɜɨɞɵ Ʉɚɬɭɧɶ ɜ 
ɫɬɜɨɪɟ Ʉɭɸɫɫɤɨɣ Ƚɗɋ ɡɚ ɩɟɪɢɨɞ 1939-1989 ɝɝ. ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ ɜ 
ɩɪɢɥɨɠɟɧɢɢ Ⱥ.  
 
2.2 ȼɵɛɨɪ ɪɚɫɱɟɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɝɨ ɩɨ 
ɜɨɞɧɨɫɬɢ ɝɨɞɚ ɩɪɢ ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɬɨɤɚ 
 
Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ ɧɚɛɥɸɞɟɧɢɣ ɩɪɢɬɨɱɧɨɫɬɢ ɪ. ɏɚɧɬɚɣɤɚ ɜ ɫɬɜɨɪɟ 
ɏɨɥɢɞɢɧɫɤɨɣ  Ƚɗɋ ɡɚ ɩɟɪɢɨɞ 1939-1989 ɝɝ. ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 2.3. 
Ƚɨɞ ɞɟɥɢɬɫɹ ɧɚ ɞɜɚ ɩɟɪɢɨɞɚ: ɦɧɨɝɨɜɨɞɧɵɣ (ɩɨɥɨɜɨɞɶɟ) ɢ ɦɚɥɨɜɨɞɧɵɣ 
(ɦɟɠɟɧɶ). Ɂɚ ɦɧɨɝɨɜɨɞɧɵɟ ɩɪɢɧɢɦɚɸɬɫɹ ɦɟɫɹɰɵ, ɜ ɤɨɬɨɪɵɯ ɪɚɫɯɨɞ ɛɵɥ 
ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɟɧ ɫɪɟɞɧɟɝɨɞɨɜɨɦɭ, ɨɫɬɚɥɶɧɵɟ ɦɟɫɹɰɵ ɫɨɫɬɚɜɥɹɸɬ 
ɦɚɥɨɜɨɞɧɵɣ ɩɟɪɢɨɞ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɨɥɨɜɨɞɧɵɦɢ ɩɪɢɧɢɦɚɸɬɫɹ ɲɟɫɬɨɣ, 
ɫɟɞɶɦɨɣ, ɜɨɫɶɦɨɣ ɢ ɞɟɜɹɬɵɣ ɦɟɫɹɰɵ. Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 
ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.2.  
 
Ɍɚɛɥɢɰɚ 2.2 - Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɦɚɥɨɜɨɞɧɨɝɨ ɢ 
ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
№ 
Ɋɹɞɚ P, % 
ɋɪɟɞɧɟɝɨɞɨɜɨɣ ɉɨɥɨɜɨɞɶɟ Ɇɟɠɟɧɶ 
Ƚɨɞ Qɫɪ.ɝɨɞ., ɦ3/c ɝɨɞ Q, ɦ3/c ɝɨɞ Q, ɦ3/c 
1 2 1961-1962 771 1958-1959 1732 1946-1947 412 
2 4 1958-1959 756 1969-1970 1672 1961-1962 330 
3 6 1969-1970 738 1961-1962 1654 1941-1942 299 
4 8 1946-1947 732 1966-1967 1613 1965-1966 281 
5 10 1941-1942 688 1952-1953 1587 1987-1988 274 
6 12 1947-1948 675 1947-1948 1558 1969-1970 271 
7 14 1966-1967 671 1959-1960 1485 1977-1978 270 
8 16 1952-1953 657 1973-1974 1485 1958-1959 268 
9 18 1960-1961 646 1941-1942 1466 1988-1989 261 
10 20 1959-1960 643 1960-1961 1450 1967-1968 260 
11 22 1973-1974 642 1984-1985 1442 1970-1971 244 
12 24 1984-1985 631 1971-1972 1389 1960-1961 244 
13 25 1988-1989 630 1970-1971 1383 1940-1941 244 
14 27 1970-1971 624 1946-1947 1373 1957-1958 236 
15 29 1987-1988 604 1988-1989 1368 1947-1948 234 
16 31 1956-1957 587 1942-1943 1335 1983-1984 233 
17 33 1971-1972 587 1939-1940 1321 1979-1980 233 
18 35 1942-1943 581 1956-1957 1308 1976-1977 232 
19 37 1977-1978 571 1950-1951 1263 1956-1957 227 
20 39 1957-1958 567 1987-1988 1263 1984-1985 226 
21 41 1939-1940 564 1954-1955 1244 1985-1986 225 
22 43 1985-1986 553 1949-1950 1234 1959-1960 222 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.2 
23 45 1983-1984 551 1957-1958 1230 1973-1974 221 
24 47 1954-1955 546 1944-1945 1227 1982-1983 211 
25 49 1940-1941 539 1985-1986 1211 1942-1943 204 
26 51 1944-1945 539 1975-1976 1210 1986-1987 204 
27 53 1950-1951 537 1948-1949 1190 1972-1973 203 
28 55 1949-1950 536 1983-1984 1187 1966-1967 200 
29 57 1979-1980 534 1977-1978 1174 1954-1955 197 
30 59 1975-1976 519 1943-1944 1164 1978-1979 195 
31 61 1948-1949 516 1979-1980 1138 1944-1945 195 
32 63 1943-1944 513 1940-1941 1130 1981-1982 194 
33 65 1972-1973 509 1972-1973 1120 1980-1981 193 
34 67 1976-1977 501 1980-1981 1109 1955-1956 193 
35 69 1980-1981 499 1986-1987 1065 1952-1953 192 
36 71 1967-1968 498 1964-1965 1062 1943-1944 187 
37 73 1965-1966 496 1976-1977 1040 1949-1950 187 
38 75 1986-1987 491 1981-1982 975 1971-1972 186 
39 76 1964-1965 458 1967-1968 974 1962-1963 185 
40 78 1981-1982 454 1962-1963 965 1939-1940 185 
41 80 1962-1963 445 1963-1964 963 1948-1949 179 
42 82 1978-1979 443 1953-1954 958 1945-1946 179 
43 84 1955-1956 443 1955-1956 941 1950-1951 174 
44 86 1963-1964 426 1978-1979 938 1975-1976 174 
45 88 1953-1954 423 1965-1966 928 1968-1969 166 
46 90 1982-1983 421 1968-1969 904 1974-1975 165 
48 94 1945-1946 388 1945-1946 807 1964-1965 157 
49 96 1951-1952 361 1951-1952 802 1953-1954 155 
50 98 1974-1975 344 1974-1975 702 1951-1952 141 
 
ɉɨ ɪɚɫɱɟɬɧɵɦ ɨɛɟɫɩɟɱɟɧɧɨɫɬɹɦ ɨɩɪɟɞɟɥɹɬɫɹ ɦɚɥɨɜɨɞɧɵɣ ɢ 
ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ. Ɂɚ ɦɚɥɨɜɨɞɧɵɣ ɩɪɢɧɢɦɚɟɬɫɹ ɝɨɞ ɫɨ ɫɪɟɞɧɟɝɨɞɨɜɨɣ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 90%, ɬ.ɟ. ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢɧɢɦɚɟɦ 1956-1957 ɝɨɞ. 
 
Ⱦɥɹ 1956-1957 ɝɨɞɚ: 
 ʙɦ=ொˏ ଵଽ଺଻−଺଼ொˏଵଽହ଺−ହ଻ = ଽ଻ଵ଴଼ = 1,116                                                                             ሺʹ.ͳሻ 
 ʙ˒=ொ˒ ଵଽହ଻−ହ଼ொ˒ଵଽହ଺−ହ଻ = ଵଶଷ଼ଵଶ଺଻ = 0,976                                                                           ሺʹ.ʹሻ 
 
Ɂɚ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ ɩɪɢɧɢɦɚɟɬɫɹ ɝɨɞ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 50%, ɧɨ ɜ 
ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟɬ ɤɨɧɤɪɟɬɧɨɝɨ ɝɨɞɚ, ɩɨɷɬɨɦɭ ɨɩɪɟɞɟɥɹɟɦ ɛɥɢɠɚɣɲɢɟ ɝɨɞɵ 
ɨɬ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 1965-1966 ɢ 1966-1967 ɝɨɞɵ. ȼɵɱɢɫɥɹɟɦ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɸ. ȼ ɢɬɨɝɟ ɩɪɢɧɢɦɚɟɦ ɝɨɞ, 
ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɛɥɢɠɟ ɤ ɟɞɢɧɢɰɟ, ɬ.ɟ. ɬɨɬ ɝɨɞ, 
ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬ ɦɟɧɶɲɭɸ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɪɚɫɯɨɞɨɜ. 
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Ⱦɥɹ 1966-1967 ɝɨɞɚ: 
 ʙɦ=ொˏ ଵଽ଺ହ−଺଺ொˏଵଽ଺଺−଺଻=ଵଵ଻ଽଽ  = 1,183                                                                                 ሺʹ.͵ሻ 
 ʙ˒=ொ˒ ଵଽ଺଻−଺଼ொ˒ଵଽ଺଺−଺଻ = ଵସ଺ଵଵହସହ = 0,946                                                                           ሺʹ.Ͷሻ 
 
Ⱦɥɹ 1965-1966  ɝɨɞɚ: 
 ʙɦ=ொˏ ଵଽ଺ଶ−଺ଷொˏଵଽ଺ହ−଺଺ = ଵଵ଻ଵଵ଼ = 0,979                                                                             ሺʹ.ͷሻ 
 ʙ˒=ொˏ ଵଽ଺ଷ−଺ସொˏଵଽ଺ହ−଺଺ = ଵସ଼ଶଵସଵହ = 1,022                                                                           ሺʹ.͸ሻ 
 
ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢɧɢɦɚɟɦ 1965-1966, ɬɚɤ ɤɚɤ 
ɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɛɥɢɠɟ ɤ ɟɞɢɧɢɰɟ. 
ȼɵɛɪɚɜ ɨɤɨɧɱɚɬɟɥɶɧɨ ɪɚɫɱɟɬɧɵɟ ɝɢɞɪɨɝɪɚɮɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ 
ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɭɬɨɱɧɢɬɶ ɝɨɞɨɜɨɣ ɫɬɨɤ ɭɦɧɨɠɢɜ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɜɵɱɢɫɥɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ (ɬɚɛɥɢɰɚ 2.3 ɢ 2.4). 
Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɝɢɞɪɨɝɪɚɮ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.2. 
 
Ɍɚɛɥɢɰɚ 2.3 - Ɇɚɥɨɜɨɞɧɵɣ ɝɨɞ (P=90%) ɫ ɩɪɢɜɟɞɟɧɢɟɦ ɢ ɛɟɡ 
ɩɪɢɜɟɞɟɧɢɹ (1953-1954 ɝɨɞ): 
ɦɟɫɹɰɵ 1 2 3 4 5 6 7 8 9 10 11 12 ɦɟɫɹɰɵ 
Qi, ɦ3/ɫ 80 78 90 163 1110 1360 787 575 360 220 144 104 Qi, ɦ3/ɫ 
Qiɩɪ ɦ3/ɫ 86 83 96 174 1076 1318 763 557 385 235 154 111 Qiɩɪ ɦ3/ɫ 
 
Ɍɚɛɥɢɰɚ 2.4 - ɋɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ (P=50%) ɫ ɩɪɢɜɟɞɟɧɢɟɦ ɢ ɛɟɡ 
ɩɪɢɜɟɞɟɧɢɹ (1944-1945 ɝɨɞ): 
ɦɟɫɹɰɵ 1 2 3 4 5 6 7 8 9 10 11 12 ɦɟɫɹɰɵ 
Qi, ɦ3/ɫ 87 84 91 213 1045 1791 1326 746 490 300 172 119 Qi, ɦ3/ɫ 
Qiɩɪ ɦ3/ɫ 86 83 90 210 1093 1873 1387 780 483 296 170 117 Qiɩɪ ɦ3/ɫ 
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 Ɋɢɫɭɧɨɤ 2.2 - Ƚɢɞɪɨɝɪɚɮɵ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
 
2.3 ɉɨɫɬɪɨɟɧɢɟ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 
ȼ ɩɪɨɟɤɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɯɚɪɚɤɬɟɪɧɵɟ ɫɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ 
ɞɥɹ ɞɜɭɯ ɩɟɪɢɨɞɨɜ: ɜɟɫɟɧɧɟ-ɥɟɬɧɟɝɨ ɢ ɨɫɟɧɧɟ-ɡɢɦɧɟɝɨ.  
Ɍɢɩɢɱɧɵɦɢ ɥɟɬɧɢɦɢ ɫɭɬɤɚɦɢ ɩɪɢɧɢɦɚɟɦ 10.07.2015, ɬɢɩɢɱɧɵɦɢ 
ɡɢɦɧɢɦɢ ɫɭɬɤɚɦɢ 30.12.2015ɝ. Ⱦɚɧɧɵɟ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ ɛɟɪɭɬɫɹ ɫ 
ɫɚɣɬɚ ɫɢɫɬɟɦɧɨɝɨ ɨɩɟɪɚɬɨɪɚ [1] ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɪɚɣɨɧɚ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɝɢɞɪɨɭɡɥɚ: Ɉɗɋ ɋɢɛɢɪɶ (ɬɚɛɥɢɰɚ 2.5 ɢ 2.6). 
 ɂɧɬɟɝɪɚɥɶɧɚɹ ɤɪɢɜɚɹ ɧɚɝɪɭɡɤɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɢɪɨɫɬɚ 
ɫɭɬɨɱɧɨɣ ɜɵɪɚɛɨɬɤɢ ɨɬ ɩɪɢɪɨɫɬɚ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. ɂɧɬɟɝɪɚɥɶɧɵɟ 
ɤɪɢɜɵɟ ɧɚɝɪɭɡɤɢ ɫɬɪɨɹɬɫɹ ɩɨ ɞɚɧɧɵɦ, ɩɨɥɭɱɟɧɧɵɦ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɪɚɧɠɢɪɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɩɨ ɭɛɵɜɚɧɢɸ, ɞɟɥɟɧɢɸ ɟё ɧɚ ɡɨɧɵ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɩɪɢɪɚɳɟɧɢɹɦ ɧɚɝɪɭɡɤɢ ɢ ɜɵɪɚɛɨɬɤɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ 
ɞɚɧɧɵɯ ɡɨɧɚɯ. 
 
Ɍɚɛɥɢɰɚ 2.5 - ɋɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɞɥɹ ɡɢɦɧɟɝɨ ɩɟɪɢɨɞɚ 
ȼɪɟɦɹ  Ɇɨɳɧɨɫɬɶ ɩɨɬɪɟɛɥɟɧɢɹ (Ɇȼɬ) 
Ɇɨɳɧɨɫɬɶ ɩɨɬɪɟɛɥɟɧɢɹ 
(ɪɚɧɠɢɪɨɜɚɧɧɚɹ) (Ɇȼɬ) 
∆Pɡ, ɬɵɫ. 
Ɇȼɬ 
1 25227 25369 757 
2 25344 25613 765 
3 25751 26234 783 
4 26018 27225 813 
5 26293 27978 835 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.5 
6 26878 28617 854 
7 27250 28962 865 
8 27980 28966 865 
9 27952 28701 857 
10 27769 28530 852 
11 27657 28421 848 
12 27717 28428 849 
13 27880 28664 856 
14 28427 29157 870 
15 28710 29624 884 
16 28772 29710 887 
17 28588 29418 878 
18 28278 29017 866 
19 27884 28432 849 
20 27020 27445 819 
21 26681 26726 798 
22 26341 25873 772 
23 25632 25426 759 
24 25235 25191 752 
 
Ɍɚɛɥɢɰɚ 2.6 - ɋɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɞɥɹ ɥɟɬɧɟɝɨ ɩɟɪɢɨɞɚ  
ȼɪɟɦɹ Ɇɨɳɧɨɫɬɶ ɩɨɬɪɟɛɥɟɧɢɹ (Ɇȼɬ) 
Ɇɨɳɧɨɫɬɶ ɩɨɬɪɟɛɥɟɧɢɹ 
(ɪɚɧɠɢɪɨɜɚɧɧɚɹ) (Ɇȼɬ) ∆Pɥ, Ɇȼɬ 
0 17294 17717 529 
1 17274 17591 525 
2 17276 17877 534 
3 17283 18544 554 
4 18113 19311 576 
5 19108 20165 602 
6 20198 20816 621 
7 20294 20870 623 
8 20315 20784 620 
9 20379 20805 621 
10 20389 20718 618 
11 20691 20882 623 
12 20677 20888 624 
13 20659 20719 618 
14 20637 20645 616 
15 20555 20527 613 
16 20471 20423 610 
17 20640 20607 615 
18 20650 20744 619 
19 20172 20365 608 
20 19607 19599 585 
21 26681 26726 798 
14 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.6 
22 26341 25873 772 
23 25632 25426 759 
24 25235 25191 752 
 
2.4. ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɞɥɹ ɪɚɛɨɱɟɝɨ ɞɧɹ ɤɚɠɞɨɝɨ 
ɦɟɫɹɰɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ ɢ ɡɚɧɨɫɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 2.7: 
 ʟ௧௠௔௫ = ܽ + ሺܾ ∙ cos|͵Ͳ°° ∙ ݐ − ͳͷ°|ሻ,                                                   (2.7) 
 
ɝɞɟ   t - ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɦɟɫɹɰɚ ɜ ɝɨɞɭ (1- ɹɧɜɚɪɶ, 2- ɮɟɜɪɚɥɶ ɢ ɬ. ɞ.);  
ɚ,b - ɤɨɷɮɮɢɰɢɟɧɬɵ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɨɪɦɭɥɵ: 
 a = ୔ˊˋˏ˃ౣax+୔ˎˈ˕ˑౣaxଶ ,                                                                                          (2.8) 
 b = ୔ˊˋˏ˃ౣax−୔ˎˈ˕ˑౣaxଶ .                                                                                          (2.9) 
 
Ɍɚɛɥɢɰɚ 2.7 - Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɋɢɛɢɪɶ 
Ɇɟɫɹɰ (30∙t-15) ∙ (3,14/180) cos a b Pt,max, Ɇɜɬ 
1 0,3 1,0 
755 
 
132 
 
882,4 
2 0,8 0,7 848,3 
3 1,3 0,3 789,4 
4 1,8 -0,3 721,2 
5 2,4 -0,7 662,2 
6 2,9 -1,0 628,1 
7 3,4 -1,0 628,0 
8 3,9 -0,7 661,9 
9 4,4 -0,3 720,8 
10 5,0 0,3 789,0 
11 5,5 0,7 848,0 
12 6,0 1,0 882,3 
 
 ɉɨ ɞɚɧɧɵɦ ɫɬɪɨɢɦ ɝɪɚɮɢɤ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɪɢɫɭɧɨɤ 2.3. 
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 Ɋɢɫɭɧɨɤ 2.3 - Ƚɪɚɮɢɤ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 
ɋɪɟɞɧɹɹ ɧɚɝɪɭɡɤɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɞɥɹ ɪɚɛɨɱɟɝɨ ɞɧɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ 
ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ɢ ɡɚɧɨɫɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 2.8: 
 ௧ܲ˔ ˓ˈˇ = ܽ + ሺb ∙ cos|͵Ͳ° ∙ t − ͳͷ°|ሻ,                                                      (2.10) 
 
ɝɞɟ   t - ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɦɟɫɹɰɚ;  
a, b – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɜɵɱɢɫɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 ܽ = ௉ˊ ˋˏ˃˔˓ˈˇ+௉ˎ ˈ˕ˑ˔˓ˈˇଶ ;                                                                                        (2.11) 
 ܾ = ୔ˊˋˏ˃˔˓ˈˇ −୔ˎˈ˕ˑ˔˓ˈˇଶ .                                                                                        (2.12) 
 
Ɍɚɛɥɢɰɚ 2.8 - Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɋɢɛɢɪɶ 
Ɇɟɫɹɰ (30∙t-15) ∙ (3,14/180) cos a b Pt,ɫɪɟɞɧ, Ɇɜɬ 
1 0,3 1,0 
711 120 
826 
2 0,8 0,7 796 
3 1,3 0,3 742 
4 1,8 -0,3 680 
5 2,4 -0,7 626 
6 2,9 -1,0 595 
7 3,4 -1,0 595 
8 3,9 -0,7 626 
9 4,4 -0,3 680 
10 5,0 0,3 742 
11 5,5 0,7 795 
12 6,0 1,0 826 
0
100
200
300
400
500
600
700
800
900
1000
1 2 3 4 5 6 7 8 9 10 11 12
16 
 
 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ ɫɬɪɨɢɦ ɝɪɚɮɢɤ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɪɢɫɭɧɨɤ 2.4. 
 
 Ɋɢɫɭɧɨɤ 2.4 - Ƚɪɚɮɢɤ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 
2.5 Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ 
ɬɪɟɛɨɜɚɧɢɣ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɵ 
 
 Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (1956-1957) 
ɜɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɧɚ ɩɨɥɟɡɧɨɦ ɛɵɬɨɜɨɦ ɫɬɨɤɟ ɞɥɹ ɤɚɠɞɨɝɨ 
ɦɟɫɹɰɚ ɝɨɞɚ ɩɨ ɮɨɪɦɭɥɟ: 
 𝑁ʒЭʠ = ݇𝑁 ∙ ܳ˒˓ଽ଴% ∙ ܪʒЭʠ˒ˑˇ˅,                                                                    (2.13) 
 
ɝɞɟ   kN  – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, kN = 8,9; ܳ˒˓ଽ଴%- ɩɨɥɟɡɧɵɣ ɛɵɬɨɜɨɣ ɪɚɫɯɨɞ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ; ܪʒЭʠ˒ˑˇ˅ −  ɩɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ Ƚɗɋ; 
 ܪʒЭʠ˒ˑˇ˅ = ܼʑʐ − ܼʜʐ(ܳʜʐሺݐሻ) − ∆ℎ,        (2.14) 
 
ɝɞɟ   ܼʑʐ- ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɬɦɟɬɤɟ ɇɉɍ=415 ɦ; ܼʜʐ(ܳʜʐሺݐሻ) −ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɦ ɛɵɬɨɜɵɦ ɪɚɫɯɨɞɚɦ ɜɨɞɵ, ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɨ ɥɟɬɧɟɣ ɢɥɢ 
ɡɢɦɧɟɣ ɤɪɢɜɨɣ ɫɜɹɡɢ, ɦ; ∆ℎ - ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ, ∆ℎ = Ͳ,ͺ͵ ɦ. 
Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɵɜɚɟɦ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ 
ȼɏɄ ɩɨ ɮɨɪɦɭɥɟ:  
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 𝑁ʑʤʙ = ݇𝑁 ∙ ܳʑʤʙ ∙ ܪʒЭʠ˒ˑˇ˅,         (2.15) 
 
ɝɞɟ ܳʑʤʙ −ɪɚɫɯɨɞ ɜɨɞɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɦ3/ɫ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.9. 
 
Ɍɚɛɥɢɰɚ 2.9 - Ɋɟɠɢɦ ɪɚɛɨɬɵ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ȼɏɄ 
ɦɟɫɹɰ I II III IV V VI VII VIII IX X XI XII 
 
Q90 
 
86 82 88 182 1076 1318 763 557 385 235 154 113 
Qɜɯɤ 176 176 176 352 352 352 352 352 352 352 176 176 
Qɢɫɩ       1 1 1 2 1 1 1     
Qɮɢɥɶɬɪ 2 2 2 2 2 2 2 2 2 2 2 2 
Qɥёɞ 1 1 1 -2 -7           2 5 
Qɜɯɤ 176 176 176 352 352 352 352 352 352 352 176 176 
Qɩɨɥ.ɛɵɬ. 83 79 85 181 1072 1315 759 554 382 232 150 106 
Qɩɨɬ 3 3 3 1 4 3 4 3 3 3 4 7 
Zɜɛ 839 839 839 839 839 839 839 839 839 839 839 839 
Zɧɛ 785 785 785 785 790 791 789 788 787 786 785 785 
Nɩɨɥɛɵɬ 379 363 392 822 441 529 322 240 169 104 682 483 
ɦɟɫɹɰ I II III IV V VI VII VIII IX X XI XII 
Qɜɯɤ 176 176 176 352 352 352 352 352 352 352 176 176 
Zɜɛ 839 839 839 839 839 839 839 839 839 839 839 839 
Zɧɛ 785 785 785 786 786 786 786 786 786 786 785 785 
H 54 54 54 52 52 52 52 52 52 52 54 54 
Nɜɯɤ 802 802 802 1563 1563 156 156 156 156 156 802 802 
Qɜɯɤ 176 176 176 352 352 352 352 352 352 352 176 176 
Nɜɨɞɨ-Nɜɯɤ -42 -44 -41 -74 285 373 166 84 13 -52 -12 -32 
 
Ⱦɚɧɧɵɣ ɪɚɫɱёɬ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɹɰɟɜ, ɜ ɤɨɬɨɪɵɟ 
Ƚɗɋ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɧɚ ɪɚɫɯɨɞɚɯ, ɩɪɟɜɵɲɚɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹ ȼɏɄ. 
Ɍɚɤɠɟ ɩɨ ɮɨɪɦɭɥɟ (2.16) ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɭɸ ɦɵ ɦɨɠɟɦ 
ɪɚɫɩɪɟɞɟɥɢɬɶ ɜ ɦɟɫɹɰɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. Ɋɚɫɫɱɢɬɚɜ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɫɭɦɦɚɪɧɨɣ 
ɛɵɬɨɜɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɫɭɦɦɚɪɧɨɣ ɦɨɳɧɨɫɬɶɸ ȼɏɄ, ɦɨɠɟɦ ɫɭɞɢɬɶ ɨ 
ɤɨɥɢɱɟɫɬɜɟ «ɥɢɲɧɟɣ» ɜɨɞɵ: 
 ∑ N˄˞˕ − N˅˘ˍ =  ʹͳͳ ʛʑ˕.         (2.16) 
 
ɇɟɨɛɯɨɞɢɦɨ ɪɚɫɩɪɟɞɟɥɢɬɶ ɩɨɥɭɱɢɜɲɭɸɫɹ ɦɨɳɧɨɫɬɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɱɬɨɛɵ ɜ ɤɚɠɞɵɣ ɦɟɫɹɰ ɦɨɳɧɨɫɬɶ ɛɵɥɚ ɛɵ ɧɟ ɦɟɧɶɲɟ ɦɨɳɧɨɫɬɢ ȼɏɄ, ɞɚɧɧɵɟ 
ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ (2.10) ɢ ɞɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.5. 
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Ɍɚɛɥɢɰɚ 2.10 - Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɟ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ 
t, ɦɟɫ. Pɫɪ, Ɇȼɬ Nɛɵɬ, Ɇȼɬ Nɜɯɤ, Ɇȼɬ 
1 746 42 38 
2 715 44 36 
3 662 41 39 
4 524 74 82 
5 182 288 156 
6 65 374 156 
7 273 166 156 
8 385 85 156 
9 511 13 156 
10 586 51 105 
11 715 12 68 
12 746 32 48 
 
 Ɋɢɫɭɧɨɤ 2.5 - Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɫ ɭɱёɬɨɦ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɛɵɬɨɜɵɯ ɦɨɳɧɨɫɬɟɣ 
 
2.6 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ 
ɝɨɞɭ 
 
Ⱦɚɧɧɵɣ ɪɚɫɱɟɬ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɩɟɪɢɨɞɚ ɢ ɝɥɭɛɢɧɵ ɫɪɚɛɨɬɤɢ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɪɚɫɱɟɬɧɵɣ ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ.  
Ɋɚɫɱɟɬ ɧɚɱɢɧɚɟɦ ɫ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɧɚɩɨɥɧɟɧɨ ɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɪɨɜɟɧɶ ɜɨɞɵ ɜ ɧɟɦ ɪɚɜɟɧ ∇ɇɉɍ = 55 ɦ. Ɇɟɫɹɰɟɦ, ɜ ɤɨɬɨɪɵɣ 
ɧɚɱɢɧɚɟɬɫɹ ɫɪɚɛɨɬɤɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɢɧɢɦɚɟɬɫɹ ɩɟɪɜɵɣ ɩɨɫɥɟ ɩɨɥɨɜɨɞɶɹ, ɜ 
ɤɨɬɨɪɨɦ ɦɨɳɧɨɫɬɶ ȼɏɄ ɩɪɟɜɵɲɚɟɬ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɨ 
ɜɨɞɨɬɨɤɭ, ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɷɬɨ ɨɤɬɹɛɪɶ. 
 Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɦɨɳɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ 
ɪɚɫɯɨɞɚ Ƚɗɋ. ɍɪɨɜɧɢ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɤɪɢɜɵɯ ɫɜɹɡɟɣ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 2.1. 
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 ɇɚ ɪɢɫɭɧɤɟ 2.6 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɤɨɩɥɟɧɢɹ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.11.  
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Ɍɚɛɥɢɰɚ 2.11 - Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
Ɇɟɫɹɰ 
Q 
ɩɨɥ Q ɮ Q ɯɨɥ Q ɜɨɞ Q Ƚɗɋ Q ȼɄɏ Q ɇȻ Vɧɚɱ Vɤɨɧ (Zɜɛ)ɧɚɱ (Zɜɛ)ɤɨɧ (Zɜɛ)ɫɪɟɞ Zɧɛ H NȽɗɋ Nɝɚɪ 
Ɉɤɬɹɛɪɶ 232 1 0 119 351 352 352 9,40 9,09 834,00 832,97 833,48 786,44 46,49 138,7 ɩɨ ɜɯɤ 
ɇɨɹɛɪɶ 150 1 0 305 455 176 456 9,09 8,30 832,97 831,25 832,11 786,52 45,04 174,2 174 
Ⱦɟɤɚɛɪɶ 106 1 0 452 558 176 559 8,30 7,13 831,25 829,88 830,57 787,01 43,00 204,0 204 
əɧɜɚɪɶ 83 1 0 502 585 176 586 7,13 5,83 829,88 827,59 828,74 787,14 41,05 204,1 204 
Ɏɟɜɪɚɥɶ 79 1 0 456 535 176 536 5,83 4,65 827,59 823,83 825,71 786,90 38,26 174,0 174 
Ɇɚɪɬ 85 1 0 329 414 176 415 4,65 3,79 823,83 820,49 822,16 786,31 35,30 124,2 124 
Ⱥɩɪɟɥɶ 181 1 0 170 351 352 352 3,79 3,35 820,49 818,70 819,59 786,44 32,61 97,3 ɩɨ ɜɯɤ 
Ɇɚɣ 1080 1 0 -729 351 352 352 3,35 5,24 818,70 825,91 822,30 786,44 35,32 105,4 ɩɨ ɜɯɤ 
ɂɸɧɶ 1315 1 0 -964 351 352 352 5,24 7,74 825,91 830,55 828,23 786,44 41,24 123,0 ɩɨ ɜɯɤ 
ɂɸɥɶ 759 1 0 -408 351 352 352 7,74 8,80 830,55 832,19 831,37 786,44 44,38 132,4 ɩɨ ɜɯɤ 
Ⱥɜɝɭɫɬ 554 1 0 -203 351 352 352 8,80 9,32 832,19 833,73 832,96 786,44 45,97 137,2 ɩɨ ɜɯɤ 
ɋɟɧɬɹɛɪɶ 382 1 0 -29 353 352 354 9,32 9,40 833,73 834,00 833,86 786,45 46,86 140,6 ɩɨ ɜɯɤ 
 
21 
 
 Ɋɢɫɭɧɨɤ 2.6 - Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɤɨɩɥɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
 
2.7 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ 
ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 
 
ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜ ɫɪɟɞɧɟɦ ɩɨ ɜɨɞɧɨɫɬɢ ɝɨɞɭ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɪɚɫɱɟɬɭ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɢ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɬɚɛɥɢɰɟ 2.11 ɢ ɧɚ ɪɢɫɭɧɤɟ 2.7.  
Ɍɚɛɥɢɰɚ 2.12 – ɋɪɚɛɨɬɤɚ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ 
ɝɨɞɭ ɦɧɨɸ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɪɟɠɢɦ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɪɟɠɢɦ ɩɨ 
ɨɬɦɟɬɤɚɦ ɜ ɩɟɪɢɨɞ ɧɚɩɨɥɧɟɧɢɹ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ. 
ɉɨ ɞɚɧɧɨɦɭ ɪɟɠɢɦɭ ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɜɵɪɚɛɨɬɤɚ Ƚɗɋ ɡɚ ɩɟɪɢɨɞ ɨɬ 
ɧɚɱɚɥɚ ɧɚɩɨɥɧɟɧɢɹ ɞɨ ɧɚɱɚɥɚ ɫɪɚɛɨɬɤɢ.  
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 Ɋɢɫɭɧɨɤ 2.7 - Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɡɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 
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Ɍɚɛɥɢɰɚ 2.12 - Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 
Ɇɟɫɹɰ Q ɩɨɥ Q ɮ Q ɯɨɥ Q ɜɨɞ Q Ƚɗɋ Q ȼɄɏ Q ɇȻ Vɧɚɱ Vɤɨɧ (Zɜɛ)ɧɚɱ (Zɜɛ)ɤɨɧ (Zɜɛ)ɫɪɟɞ Zɧɛ H NȽɗɋ Nɝɚɪ ɗ 
Ɉɤɬɹɛɪɶ 293 1 0 80 373 352 374 9,40 9,19 834,00 833,28 833,64 786,57 46,52 147,5 ɩɨ ɜɯɤ 395,0 
ɇɨɹɛɪɶ 166 1 0 286 452 176 453 9,19 8,45 833,28 831,49 832,39 786,50 45,33 174,2 174 451,5 
Ⱦɟɤɚɛɪɶ 110 1 0 445 555 176 556 8,45 7,30 831,49 830,07 830,78 787,00 43,24 204,0 204 546,3 
əɧɜɚɪɶ 83 1 0 497 580 176 581 7,30 6,01 830,07 828,02 829,05 787,12 41,38 204,0 204 546,4 
Ɏɟɜɪɚɥɶ 80 1 0 447 527 176 528 6,01 4,85 828,02 824,58 826,30 786,87 38,89 174,2 174 421,4 
Ɇɚɪɬ 87 1 0 316 403 176 404 4,85 4,03 824,58 821,45 823,01 786,26 36,20 124,0 124 332,2 
Ⱥɩɪɟɥɶ 209 1 0 262 471 352 472 4,03 3,35 821,45 818,70 820,07 787,16 32,36 129,6 ɩɨ ɜɯɤ 335,8 
Ɇɚɣ 1089 1 0 -738 351 352 352 3,35 5,27 818,70 825,98 822,34 786,44 35,35 105,5 ɩɨ ɜɯɤ 282,5 
ɂɸɧɶ 1870 1 0 -1200 670 352 671 5,27 8,38 825,98 831,37 828,68 788,27 39,85 227,0 ɩɨ ɜɯɤ 588,3 
ɂɸɥɶ 1383 1 300 -650 433 352 434 8,38 9,28 831,37 833,58 832,47 786,93 44,99 165,6 ɩɨ ɜɯɤ 443,5 
Ⱥɜɝɭɫɬ 777 1 30 -60 687 352 688 9,28 9,36 833,58 833,86 833,72 788,36 44,81 261,6 ɩɨ ɜɯɤ 700,8 
ɋɟɧɬɹɛɪɶ 480 1 115 -130 235 352 236 9,36 9,40 833,86 834,00 833,93 785,70 47,68 95,2 ɩɨ ɜɯɤ 246,8 
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2.8 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ 
ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 
 
ɇɚ ɢɧɬɟɝɪɚɥɶɧɨɣ ɤɪɢɜɨɣ ɧɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɟɫɬɨ ɪɚɛɨɬɵ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ: ɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ʉɭɸɫɫɤɨɣ Ƚɗɋ. 
ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɫɬɚɧɰɢɹ ɜɩɢɫɵɜɚɟɬɫɹ ɜ ɝɪɚɮɢɤ ɫɭɬɨɱɧɵɯ ɧɚɝɪɭɡɨɤ.  
Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɡɢɦɧɢɯ ɢ ɥɟɬɧɢɯ ɫɭɬɨɤ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɚɯ 2.8 ɢ 2.9.
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 Ɋɢɫɭɧɨɤ 2.8 - Ƚɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɥɟɬɧɢɯ ɫɭɬɨɤ 
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Ɋɢɫɭɧɨɤ 2.9 - Ƚɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɡɢɦɧɢɯ ɫɭɬɨɤ 
 
  
2.9 Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ 
 
ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɭɱɢɬɵɜɚɟɦ, ɱɬɨ 
ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɪɚɜɟɧ 2,5% , ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ 
ɫɨɫɬɚɜɥɹɟɬ 7 % ɨɬ . ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɯ 
Ƚɗɋ. Ⱥɜɚɪɢɣɧɵɣ ɛɭɞɟɬ ɪɚɡɦɟɳɟɧ ɤɚɤ ɧɚ Ƚɗɋ, ɬɚɤ ɢ ɧɚ Ɍɗɋ. ɍɫɬɚɧɨɜɥɟɧɧɭɸ 
ɦɨɳɧɨɫɬɶ Ƚɗɋ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɫɭɦɦɵ: 
 𝑁˖˔˕.ʒЭʠ = 𝑁˓˃˄.ʒЭʠ + 𝑁˓ˈˊʒЭʠ.          (2.20) 
 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɪɚɜɧɚ: 𝑁˖˔˕.ʒЭʠ = ʹ͸ʹ ʛʑ˕. 
ɍɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ Ɍɗɋ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɫɭɦɦɵ: 
 𝑁˖˔˕ʡЭʠ = 𝑁˓˃˄ʡЭʠ + 𝑁˃.˓.ʡЭʠ + 𝑁ː.˓.ʡЭʠ.   (2.21) 
 
ɉɥɚɧɢɪɨɜɚɧɢɟ ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɭɱɟɬɨɦ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ. Ɋɟɦɨɧɬ 
ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɬɟ ɦɟɫɹɰɵ, ɤɨɝɞɚ ɨɧɨ ɧɟ ɩɨɥɧɨɫɬɶɸ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɬ.ɟ. ɧɚ Ƚɗɋ ɢɦɟɟɬɫɹ ɫɜɨɛɨɞɧɚɹ ɦɨɳɧɨɫɬɶ. 
Ɋɚɫɱɟɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.13. 
Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɢ ɷɧɟɪɝɢɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.10. 
 
Ɍɚɛɥɢɰɚ 2.13 - Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
Ɋɦɚɤɫ Nɩɪ.ɝɷɫ ɇɚɝɪ.ɪɟɡ   Nɬɷɫ Ⱥɜ.ɪɟɡ Ɋɟɦɨɧɬ Ƚɷɫ 
882 250 13 0 632 71 0 
848 232 12 0 632 68 0 
789 214 11 0 575 63 50 
721 196 10 0 525 58 0 
662 178 9 60 484 53 0 
628 160 8 95 468 50 0 
628 160 8 95 468 50 0 
662 178 9 60 484 53 0 
721 196 10 0 525 58 90 
789 214 11 0 632 63 0 
848 232 12 0 632 68 0 
882 250 13 0 632 71 0 
 
max
tɊ
max
tɊ
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 Ɋɢɫɭɧɨɤ 2.10 - Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɢ ɷɧɟɪɝɢɢ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ  
 
3.1 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
 
ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɨɣ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
Ʉɭɸɫɫɤɨɣ Ƚɗɋ, ɞɥɹ ɷɬɨɝɨ ɫɬɪɨɢɬɫɹ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɫ ɭɤɚɡɚɧɢɟɦ ɥɢɧɢɣ 
ɨɝɪɚɧɢɱɟɧɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ.  
ɉɨɫɬɪɨɟɧɢɟ ɷɬɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ 
ɭɪɚɜɧɟɧɢɸ: 
 ʜʒЭʠሺQʒЭʠሻ = ∇ʑʐ − zː˄ሺQː˄ሻ − ∆h˅˔,                  (3.1) 
 
ɝɞɟ  ∇ʑʐ - ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ; zː˄ሺQː˄ሻ - ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɇȻ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɯɨɞɚ; ∆h˅˔ - ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɪɨɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ. Ɉɝɪɚɧɢɱɟɧɢɹ ɪɚɛɨɬɵ ɬɭɪɛɢɧ: 
- ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦɨɟ: 
 N˖˔˕˓ = kN ∙ QʒЭʠ ∙ ʜʒЭʠ,             (3.2) 
 
ɝɞɟ   kN– ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ (kN= 8,9). 
- ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ: QʒЭʠ = QʒЭʠ୫a୶ ∙ √ʜʒЭʠʜ˓ ,            (3.3) 
ɝɞɟ  ʜ˓ - ɪɚɫɱɟɬɧɵɣ ɩɨ ɦɨɳɧɨɫɬɢ ɧɚɩɨɪ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɥɢɧɢɣ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ 
ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɨɪɚ; QʒЭʠ୫a୶- ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ Ƚɗɋ. 
- ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ Q୫୧୬ = Qʑʤʙ = ͳ͹͸ ˏଷ ˔⁄ . ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɫɬɪɨɢɬɫɹ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɫ ɭɱɟɬɨɦ 
ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ, ɦɨɳɧɨɫɬɢ ɢ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ, ɢɡ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɦ ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɧɚɩɨɪɨɜ ɢ 
ɪɚɫɯɨɞɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1 
 
Ɍɚɛɥɢɰɚ 3.1 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ Ʉɭɸɫɫɤɨɝɨ 
Ʉɪɢɜɚɹ ɫɜɹɡɢ ɇɚɩɨɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 
ɪɚɫɱёɬɧɨɣ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ 
Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ 
ɩɨ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ 
Qɧɛ Zɧɛ Hɧɩɭ Hɭɦɨ Hɜɛ H Q H Q 
0 784,1 49,4 34,1 41,7 46,0 663,5 30,0 719,8 
30 
 
  
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.1 
100 784,6 48,8 33,5 41,2 44,0 693,7 30,0 719,8 
200 785,2 48,3 33,0 40,6 42,0 726,7 30,0 719,8 
300 785,7 47,7 32,4 40,1 40,0 763,1 30,0 719,8 
400 786,2 47,2 31,9 39,6 38,0 803,2 30,0 719,8 
500 786,7  46,7 31,4 39,1 38,0 803,2 38,0 810,1 
600 787,2 46,2 30,9 38,6 38,0 803,2 38,0 810,1 
700 787,7 45,8 30,5 38,1 38,0 803,2 38,0 810,1 
800 788,1 45,3 30,0 37,7 38,0 803,2 38,0 810,1 
900 788,5 44,9 29,6 37,3 28,0 1090,1 38,0 810,1 
1000 788,9 44,5 29,2 36,9 26,0 1174,0 38,0 810,1 
1100 789,3 44,1 28,8 36,5 24,0 1271,8 38,0 810,1 
1200 789,7 43,7 28,4 36,1 22,0 1387,4 38,0 810,1 
 
 ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɨɫɬɪɨɟɧɨ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɫ ɭɱɟɬɨɦ 
ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɦɨɳɧɨɫɬɢ ɢ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ. Ɉɧɨ ɨɬɨɛɪɚɠɟɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 3.1. 
 
 Ɋɢɫɭɧɨɤ 3.1 – Ɋɟɠɢɦɧɨɟ ɩɨɥɟ Ʉɭɸɫɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ 
 
ɂɡ ɩɨɫɬɪɨɟɧɧɨɝɨ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɨɩɪɟɞɟɥɹɟɦ: 
- ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ H୫a୶ = Ͷͺ,͵ ˏ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɧɚɩɨɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɇɉɍ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 
ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ Qmin=Qɜɯɤ=150 ɦ3/ɫ; 
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- ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ H˓˃˔˚ = ͵͹,ͺ ˏ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ  ɥɢɧɢɟɣ 
ɪɚɫɱёɬɧɨɝɨ ɧɚɩɨɪɚ; 
- ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ H୫୧୬ = ͵Ͳ,Ͳ ˏ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɧɚɩɨɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɍɆɈ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 
ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ. 
 
3.1.1ȼɵɛɨɪ ɬɭɪɛɢɧɵ ɩɨ ɝɥɚɜɧɵɦ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
 
Ƚɢɞɪɨɬɭɪɛɢɧɵ ɜɵɛɢɪɚɟɦ, ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ 
ɧɚ ɫɬɚɧɰɢɢ ɢ ɨɬɧɨɲɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɤ ɩɪɟɞɟɥɶɧɨɦɭ ɧɚɩɨɪɭ ɬɭɪɛɢɧɵ. 
Ⱦɚɧɧɵɣ ɞɢɚɩɚɡɨɧ ɧɚɩɨɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɉɅ 50-ȼ ɫɨ ɫɥɟɞɭɸɳɢɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 3.2. 
 
Ɍɚɛɥɢɰɚ 3.2 – ɉɚɪɚɦɟɬɪɵ ɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɉɚɪɚɦɟɬɪ Ɍɭɪɛɢɧɚ ɉɅ50-ȼ 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ Hɩɪɟɞ 50 
Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ Hmin/Hmax 0,50 
Ɉɩɬɢɦɚɥɶɧɚɹ ɩɪɢɜɟɞɟɧɧɚɹ  
ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ n'1o, ɦɢɧ-1 116 
  
Ɉɩɬɢɦɚɥɶɧɵɣ ɄɉȾ ɦɨɞɟɥɢ ηɦɨ 0,916 
ɉɪɢɜɟɞɟɧɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ Q'1max, ɥ/ɫ 1520 
Ʉɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ σ ɩɪɢ Q'1max 0,56 
ɉɪɢɜɟɞɟɧɧɵɣ ɞɢɚɦɟɬɪ ɊɄ D'1ɦ, ɦ 0,460 
ɇɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ Hɦ, ɦ 12 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ ݒˏˑˇ 0,96 
 
Ⱦɥɹ ɛɨɥɟɟ ɨɛɨɫɧɨɜɚɧɧɨɝɨ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ ɜɵɩɨɥɧɹɟɦ 
ɪɚɫɱɟɬ ɞɥɹ ɪɹɞɚ ɞɢɚɦɟɬɪɨɜ ɞɥɹ ɤɚɠɞɨɝɨ ɬɢɩɚ ɬɭɪɛɢɧ. 
ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ: η˕ = ͳ − ሺͳ − ηˏሻ ∙ (ሺͳ − εሻ + ε ∙ √DభˏDభ ∙ఱ √ୌˏୌpN ∙భబ √୴ː୴ˏఱ ),                (3.4) 
ɝɞɟ  ηˏ, Dଵˏ, Hˏ- ɄɉȾ, ɞɢɚɦɟɬɪ ɢ ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; Dଵ, HpN - ɞɢɚɦɟɬɪ ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; vː, vˏ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɨɣ ɢ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ; ε - ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ. 
Ɇɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ: 
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N˃ = ͻ,ͺͳ ∙ Q′ଵp ∙ Dଵଶ ∙ HpN√HpN ∙ η˕ ∙ ηˆ˔˓,         (3.5) 
ɝɞɟ  Q′ଵp - ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; ηˆ˔˓– ɫɪɟɞɧɢɣ ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ (ɩɪɢɧɢɦɚɟɦ ηˆ˔˓ = Ͳ,ͻͳ). ɑɢɫɥɨ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ Ƚɗɋ ɚɝɪɟɝɚɬɨɜ: 
 Z′a = NʒЭʠ˖˔˕Na ,              (3.6) 
 
ɝɞɟ  NʒЭʠ˖˔˕  – ɪɚɫɱɟɬɧɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ (NʒЭʠ˖˔˕ = ʹ͸ʹ ʛʑ˕ሻ. Ɋɚɫɱɟɬɧɨɟ ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ Z′a ɨɤɪɭɝɥɹɟɦ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ Za. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɧɢɦɚɬɶ ɤɪɚɬɧɨɟ 2 ɢɥɢ 3 ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɝɥɚɜɧɚɹ 
ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɛɵɥɚ ɫɢɦɦɟɬɪɢɱɧɨɣ. 
ɉɨɫɥɟ ɱɟɝɨ ɭɬɨɱɧɹɟɬɫɹ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ: 
 Na = NʒЭʠ˖˔˕Za .              (3.7) ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ: 
 n = n′ଵp ∙ √ୌp∙∆Dభ ,             (3.8) 
 
ɝɞɟ n′ଵp- ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɜ 
ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ (ɬɚɛɥɢɰɚ 3.2); ∆- ɩɨɩɪɚɜɤɚ ɧɚ ɩɪɢɜɟɞɟɧɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɦɨɞɟɥɢ 
ɤ ɧɚɬɭɪɟ, ɪɚɜɧɚɹ ɨɬɧɨɲɟɧɢɸ ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ ɢ ɄɉȾ ɦɨɞɟɥɢ 
ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ. 
ɉɨ ɩɨɥɭɱɟɧɧɨɣ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɩɪɢɧɢɦɚɟɦ ɛɥɢɠɚɣɲɟɟ 
ɛɨɥɶɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨ ɫɬɚɧɞɚɪɬɧɨɦɭ ɪɹɞɭ. 
Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɞɢɚɦɟɬɪɚ ɬɭɪɛɢɧɵ ɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɧɚɧɟɫɬɢ ɧɚ ɝɥɚɜɧɭɸ 
ɭɧɢɜɟɪɫɚɥɶɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɥɢɧɢɢ ɩɪɢɜɟɞɟɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɡɜɟɫɬɧɵɦ ɧɚɩɨɪɚɦ ɬɭɪɛɢɧɵ ɇmax, ɇɪ, ɇmin, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɜɵɱɢɫɥɢɜ ɬɪɢ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ: 
 n′୍ = ୬c∙Dభ√ୌ∙∆ ,              (3.9) 
 
ɝɞɟ   nc– ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ; ɇ- ɧɚɩɨɪ ɧɚ ɫɬɚɧɰɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɇmax, ɇɪ, ɇmin. 
ɉɪɨɢɡɜɟɞɟɧɢɟ ɩɪɢɜɟɞɟɧɧɨɝɨ ɪɚɫɯɨɞɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ɧɚ ɄɉȾ: 
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Q′୍ ∙ η˕ = Naଽ.଼ଵ∙Dభమ∙ୌpభ.ఱ∙ηˆ ˔˓,          (3.10) 
 
Ʌɟɜɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɞɛɨɪɨɦ ɬɚɤɨɣ ɬɨɱɤɢ ɧɚ ɥɢɧɢɢ n′୍˓, ɱɬɨɛɵ ɩɪɨɢɡɜɟɞɟɧɢɟ Q′୍ ∙ η˕ ɜ ɷɬɨɣ ɬɨɱɤɟ ɨɛɟɫɩɟɱɢɜɚɥɨ ɜɵɩɨɥɧɟɧɢɟ 
ɭɤɚɡɚɧɧɨɝɨ ɪɚɜɟɧɫɬɜɚ. ɇɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ ɩɟɪɟɪɚɫɱɟɬ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɧɚ 
ɤɨɨɪɞɢɧɚɬɵ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
 Q′୍ = ୕ౣi౤Dభమ∙√ୌ∙∆,           (3.11) 
 
ɝɞɟ   Q୫୧୬- ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɫɬɚɧɰɢɸ. ɉɪɚɜɚɹ ɝɪɚɧɢɰɚ ɩɟɪɟɫɱɢɬɚɧɧɨɝɨ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 
ɥɢɧɢɣ. ȼɟɪɯɧɹɹ ɥɢɧɢɹ ɩɪɨɜɨɞɢɬɶɫɹ ɩɚɪɚɥɥɟɥɶɧɨ ɥɢɧɢɹɦ ɨɬɤɪɵɬɢɹ 
ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ. ɇɢɠɧɹɹ ɥɢɧɢɹ ɫɬɪɨɢɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ (3.10), 
ɩɨɞɫɬɚɧɨɜɤɨɣ ɜ ɮɨɪɦɭɥɭ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ. 
ȼɫɟ ɪɚɫɱɟɬɵ ɞɥɹ ɜɵɛɪɚɧɧɨɣ ɬɭɪɛɢɧɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.3 ɞɥɹ ɉɅ 50-
ȼ. 
 
Ɍɚɛɥɢɰɚ 3.3–Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ D1 ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ 50-ȼ 
ɉɅ50-ȼ 
D1 2,8 3,15 3,55 4 4,5 6 
ɤɩɞ ɧɚɬ 0,89 0,89 0,89 0,90 0,90 0,90 
N* 23659,02 29970,29 38099,26 48413,25 61325,89 109248,79 
11,10 8,76 6,89 5,42 4,28 2,40 
z 11,00 9,00 7,00 5,00 4,00 2,00 
N 23863,64 29166,66 37500 52500 87500 131250 
∆1 1,03 1,04 1,04 1,04 1,04 1,04 
nc1' 279,46 248,52 220,61 195,88 156,83 130,78 
nc1 300,00 250,00 230,80 200,00 166,70 136,40 
n'min 118,70 111,20 115,70 112,90 105,80 115,30 
n'p 134,20 125,70 130,80 127,60 119,60 130,40 
n'max 150,60 141,10 146,80 143,30 134,30 146,30 
Q'*η 1,38 1,33 1,34 1,48 1,19 1,65 
Qmin 0,95 0,92 0,93 1,03 0,90 1,14 
Q',min 1,34 1,06 1,25 0,98 0,78 0,44 
Q',max 1,06 0,83 0,98 0,78 0,61 0,34 
 
ȼɵɛɢɪɚɟɦ ɬɭɪɛɢɧɭ ɉɅ 50-ȼ ɫ ɞɢɚɦɟɬɪɨɦ D1=4,5 ɦ, Za= 3 ɢ 
nɫ=166,7ɨɛ/ɦɢɧ, ɬɚɤ ɤɚɤ ɷɬɨ ɬɭɪɛɢɧɚ ɭɞɨɜɥɟɬɜɨɪɹɸɳɚɹ ɬɚɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ 
ɤɚɤ: 
- ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɟ ɄɉȾ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; 
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- ɪɚɛɨɱɚɹ ɡɨɧɚ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɪɚɫɩɨɥɨɠɟɧɚ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɱɬɨ ɨɩɬɢɦɭɦ ɄɉȾ ɩɨɩɚɞɚɟɬ ɦɟɠɞɭ ɥɢɧɢɹɦɢn′୍p ɢ n′୍୫୧୬. 
Ⱦɚɥɟɟ ɩɟɪɟɧɨɫɢɦ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ 
(ɪɢɫɭɧɤɟ 3.2). 
 
 Ɋɢɫɭɧɨɤ 3.2 –Ƚɥɚɜɧɚɹ ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ 50-ȼ 
 
3.1.2 ɉɪɨɜɟɪɤɚ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɢ ɩɨ 
ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ 
 
Ʌɢɧɢɸ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ ɫ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
ɩɟɪɟɫɱɢɬɵɜɚɟɦ ɜ ɤɨɨɪɞɢɧɚɬɭ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɞɜɭɯ 
ɡɧɚɱɟɧɢɣ ɧɚɩɨɪɚ ʜ୫a୶ ɢ ʜ୫୧୬ ɩɨ ɮɨɪɦɭɥɟ: 
 Q′୍ = ୕ౣi౤Za∙Dభమ∙√∆p∙ୌ.                    (3.12) 
 
Ʉɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɪɚɜɟɧ 
ɬɪɟɦ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɦ: 
 Q′୍ = ୕ౣi౤Za∙Dభమ∙√∆p∙ୌౣi౤ = ଵ଻଺଴଴଴ଷ∙ସ.ହమ∙√ଵ.଴ହସ∙ଷ଴ = ͷͳͷ ˎ ˔⁄ ,               (3.13) 
 Q′୍ = ୕ౣi౤Za∙Dభమ∙√∆p∙ୌౣax = ଵ଻଺଴଴଴ଷ∙ସ.ହమ∙√ଵ.଴ହସ∙ସ଼,ଷ = ͶͲ͸ ˎ ˔⁄ .                       (3.14) 
 
ɉɪɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɬɭɪɛɢɧ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ 
ɪɚɫɯɨɞɟ, ɬɚɤ ɤɚɤ ɥɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɢɜɟɞɟɧɧɵɦ ɪɚɫɯɨɞɚɦ, 
35 
 
  
 
ɧɟ ɜɵɯɨɞɢɬ ɡɚ ɩɪɟɞɟɥɵ ɪɚɛɨɱɟɝɨ ɞɢɚɩɚɡɨɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
(ɪɢɫ.3.2). 
 
3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɝɥɭɛɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɟɟ ɛɟɡɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 
 
Ɉɬɦɟɬɤɭ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇Z˓ˍ = Zː˄ሺQː˄ሻ + Hs,          (3.15) 
 
ɝɞɟ Zː˄ሺQː˄ሻ-ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɇȻ ɩɪɢ Qː˄, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ Hs. 
 
Ƚɥɭɛɢɧɚ ɨɬɫɚɫɵɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɥɹ ɬɪɟɯ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ ɫ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɨɧɧɵɯ ɫɥɭɱɚɟɜ, ɬɨ ɟɫɬɶ ɬɪɟɛɭɸɳɚɹ ɧɚɢɛɨɥɶɲɟɝɨ 
ɡɚɝɥɭɛɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ: 
– ɪɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ ɪɚɫɱёɬɧɨɣ ɦɨɳɧɨɫɬɶɸ ɩɪɢ ܪ௠௔௫; – ɪɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɨɳɧɨɫɬɶɸ ɧɚ ɥɢɧɢɢ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɢ ܪ௠௜௡; – ɪɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ ɪɚɫɱёɬɧɨɣ ɦɨɳɧɨɫɬɶɸ ɩɪɢܪ௣. 
 
ȼɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ܪ௦ = ܤ − 𝛻௓ː˄ሺொː˄ሻଽ଴଴ − ݇𝜎 ∙ 𝜎 ∙ ܪ + ∆ܼʤ.ʞʚ,                (3.16) 
 
ɝɞɟ   ʑ = ͳͲ,͵ ˏ ˅ˑˇ. ˔˕. − ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ; ∇ܼː˄ሺܳː˄ሻ − ɨɬɦɟɬɤɚ ɇȻ ɩɪɢ ɞɚɧɧɨɦ ɪɚɫɯɨɞɟ; ݇𝜎 - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɤɚɜɢɬɚɰɢɢ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ ɤ ɧɚɬɭɪɧɨɣ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 1,1; 𝜎 − ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɞɥɹ ɪɚɫɱɟɬɧɵɯ ɭɫɥɨɜɢɣ; ∆ܼʤ.ʞʚ − ɪɚɡɧɨɫɬɶ ɨɬɦɟɬɨɤ ɯɚɪɚɤɬɟɪɧɵɯ ɩɥɨɫɤɨɫɬɟɣ ɦɨɞɟɥɶɧɨɣ ɢ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧ, ɤɨɬɨɪɚɹ ɞɥɹ ɉɅ – ɬɭɪɛɢɧ ∆Zʤ.ʞʚ. = ܤ଴/ʹ, ɝɞɟ ܤ଴ = Ͳ,Ͷ ∙ ܦଵ. 
 
3.2.1 Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ ɢ 
ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ  
 
 ɇɚ Ƚɍɏ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɬɭɪɛɢɧɵ (ɪɢɫ.3.2) ɧɚɯɨɞɢɦ ɬɨɱɤɭ 
ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɨɪɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɣ ɪɚɫɯɨɞ, ɤɨɬɨɪɵɣ ɩɟɪɟɫɱɢɬɵɜɚɟɦ ɢɡ 
ɩɪɢɜɟɞɟɧɧɨɝɨ ɩɨ ɮɨɪɦɭɥɟ (3.16). ȼ ɷɬɨɣ ɬɨɱɤɟ ɨɩɪɟɞɟɥɹɟɦ σ = Ͳ,ʹͳ. ɉɨ 
ɤɪɢɜɨɣ ɫɜɹɡɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɨɩɪɟɞɟɥɹɟɦ Zː˄ሺQː˄ሻ = ͳ.ͷ͹ ˏ. 
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Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ: 
 ܪௌ = ͳͲ,͵͵ − ଻଼଺ଽ଴଴ − Ͳ,ʹͳ ∙ Ͷͺ,͵ − ͳ,ͷ = −ʹ,ʹˏ.   
 
3.2.2 Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɧɚɩɨɪɟ ɢ ɧɨɦɢɧɚɥɶɧɨɣ 
ɦɨɳɧɨɫɬɢ 
 
ɇɚ Ƚɍɏ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɬɭɪɛɢɧɵ (ɪɢɫ.3.2) ɧɚɯɨɞɢɦ ɬɨɱɤɭ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ  ɧɚɩɨɪɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɣ ɪɚɫɯɨɞ, ɤɨɬɨɪɵɣ 
ɩɟɪɟɫɱɢɬɵɜɚɟɦ ɢɡ ɩɪɢɜɟɞɟɧɧɨɝɨ ɩɨ ɮɨɪɦɭɥɟ (3.16). ȼ ɷɬɨɣ ɬɨɱɤɟ ɨɩɪɟɞɟɥɹɟɦ σ = Ͳ,Ͷͳ. ɉɨ ɤɪɢɜɨɣ ɫɜɹɡɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɨɩɪɟɞɟɥɹɟɦ Zː˄ሺQː˄ሻ = ͹ͺ͸ˏ. 
 
Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ: 
 ܪௌ = ͳͲ,͵͵ − ଻଼଺ଽ଴଴ − Ͳ,Ͷͳ ∙ ͵͹,ͺ − ͳ,ͷ = −͹,ͷ͹ ˏ.   
 
3.2.3 Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ ɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɟɦɭ ɦɨɳɧɨɫɬɢ ɧɚ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ 
 
ɇɚ Ƚɍɏ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɬɭɪɛɢɧɵ (ɪɢɫ.3.2) ɧɚɯɨɞɢɦ ɬɨɱɤɭ 
ɦɢɧɢɦɚɥɶɧɨɝɨ  ɧɚɩɨɪɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɣ ɪɚɫɯɨɞ, ɤɨɬɨɪɵɣ 
ɩɟɪɟɫɱɢɬɵɜɚɟɦ ɢɡ ɩɪɢɜɟɞɟɧɧɨɝɨ ɩɨ ɮɨɪɦɭɥɟ (3.16). ȼ ɷɬɨɣ ɬɨɱɤɟ ɨɩɪɟɞɟɥɹɟɦ σ = Ͳ,͵͹. ɉɨ ɤɪɢɜɨɣ ɫɜɹɡɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɨɩɪɟɞɟɥɹɟɦ Zː˄ሺQː˄ሻ = ͹ͺͷˏ. 
 
Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ: 
 ܪௌ = ͳͲ,͵͵ − ଻଼ହଽ଴଴ − Ͳ,͵͹ ∙ ͵Ͳ − ͳ,ͷ = −͵,ͳ͹  ˏ.   
 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.5. 
 
 
 
Ɍɚɛɥɢɰɚ 3.5 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧɵ 
Ɍɢɩ 
ɬɭɪɛɢɧɵ Dଵ, ˏ Za, ˛˕ nc, ˑ˄/ˏˋː ʜsଵ, ˏ ʜsଶ, ˏ ʜsଷ, ˏ 
ɉɅ 50-ȼ 4.5 3 166,7 -2,2 -7,57 -3,17 
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ɂɡ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ʜs ɜɵɛɢɪɚɟɦ ɬɚɤɨɟ ɡɧɚɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ ɜɨ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ 
ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ, ɬɨ ɟɫɬɶ ʜs = −͹,ͷ͹ ˏ. 
 
3.3 ɉɨɞɛɨɪ ɢ ɤɨɧɬɪɨɥɶɧɵɣ ɪɚɫɱɟɬ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ 
 
ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ: 
 ℎ = ʹ,͸ͳͷ ∙ ܦଵ = ʹ,͸ͳͷ ∙ Ͷ,ͷ = ͳͳ,͹͸ ˏ.                                               (3.17) 
 
Ⱦɥɢɧɚ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ: 
 ܮ = Ͷ,ͷͶͺ ∙ ܦଵ = Ͷ,ͷͶͺ ∙ Ͷ,ͷ = ʹͲ,ͷ ˏ.                                                 (3.18) 
 
ɒɢɪɢɧɚ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ ɧɚ ɜɵɯɨɞɟ: 
 ܤଵ = ʹ,ͷ ∙ ܦଵ = ʹ,ͷ ∙ Ͷ,ͷ = ͳͳ,ʹͷˏ.                                                       (3.19) 
 
Ɋɚɫɱɟɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɭɱɟɬɨɦ 
ɫɨɜɦɟɫɬɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫɤɪɭɱɢɜɚɸɳɢɯ, ɢɡɝɢɛɚɸɳɢɯ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ. 
 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɚɥɚ: 
 ܦ′˅ = Ͳ,ͲͲͻ͹Ͷ ∙ ቀ𝑁˃௡˔ቁ଴,ଷହ = Ͳ,ͲͲͻ͹Ͷ ∙ ቀ଼଻ହ଴଴ଵ଺଺,଻ ቁ଴,ଷହ = ͷͳͳ ˏˏ.              (3.20) 
 
ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɨɤɪɭɝɥɹɸɬ ɞɨ ɫɬɚɧɞɚɪɬɢɡɨɜɚɧɧɨɝɨ 
(ɤɪɚɬɧɨɟ 50 ɦɦ ɩɪɢܦ′˅ ɦɟɧɟɟ 1000 ɦɦ ɢ ɤɪɚɬɧɨɟ 100 ɦɦ ɩɪɢ D≥1000 ɦɦ). ܦ′˅ = ͻͷͲ ˏˏ. 
 
Ⱦɥɹ ɪɭɫɥɨɜɵɯ ɡɞɚɧɢɣ Ƚɗɋ ɲɢɪɢɧɚ ɚɝɪɟɝɚɬɧɨɝɨ ɛɥɨɤɚ: 
 ܤ˄ˎ = ሺʹ,͹ ÷ ͵,͹ሻ ∙ ܦଵ = ͵ ∙ Ͷ,ͷ = ͳ͵,ͷ                                                   (3.21) 
 
Ⱦɥɢɧɚ ɦɨɧɬɚɠɧɨɣ ɩɥɨɳɚɞɤɢ: 
 ܮˏ˒ = ሺͳ,ʹͷ ÷ ͳ,ͷሻ ∙ ܤ˄ˎ = ͳ,ͷ ∙ ͳ͵,ͷ = ʹͲ,ʹͷˏ.                                  (3.22) 
 
Ⱦɥɢɧɚ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ: 
 ܮˏˊ = ݊ ∙ ܤ˄ˎ + ܮˏ˒ = ͵ ∙ ͳ͵,ͷ + ʹͲ,ʹͷ = ͸Ͳ,͹ͷ ˏ.                              (3.23) 
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ȼɵɫɨɬɚ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɣ ɩɟɪɟɧɨɫɚ ɤɪɚɧɨɦ 
ɫɚɦɨɣ ɝɚɛɚɪɢɬɧɨɣ ɱɚɫɬɢ ɝɢɞɪɨɚɝɪɟɝɚɬɚ.  
 
3.3.1 ȼɵɛɨɪ ɬɢɩɚ ɢ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 
 
ɉɨ ɧɨɦɨɝɪɚɦɦɟ ɞɥɹ ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɵɯ ɬɭɪɛɢɧ ɨɩɪɟɞɟɥɢɦ ɬɢɩ 
ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ: Ɇɇɍ 8/1 – 40. 
Ɇɇɍ8-1/40 — Ɇɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ɫ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɨɦ 
ȽȺ16/1–40 ɜɦɟɫɬɢɦɨɫɬɶɸ 6,8 ɦ3, ɫɨɫɬɨɹɳɢɦ ɢɡ ɨɞɧɨɝɨ ɫɨɫɭɞɚ ɧɚ ɞɚɜɥɟɧɢɟ 4 
Ɇɉɚ (40 ɤɝɫ/ɫɦ2), ɫ ɦɚɫɥɨɧɚɫɨɫɧɵɦ ɚɝɪɟɝɚɬɨɦ ɆȺ20–3, ɢɦɟɸɳɢɦ ɫɥɢɜɧɨɣ 
ɛɚɤ ɜɦɟɫɬɢɦɨɫɬɶɸ 20 ɦ3 ɫ ɞɜɭɦɹ ɧɚɫɨɫɚɦɢ 3ȼ63/40ȽɌ. 
 
3.3.2 ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 
 
ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
 ܵːˑˏ = 𝑁௔ܿ݋ݏ𝜑 = ͺ͹,ͷͲ,ͺͷ = ͳͲʹ,ͻ ʛʑ ∙ ʏ,                                                          ሺ͵.ʹͶሻ 
 
ɝɞɟ   cosφ - ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɩɪɢɧɢɦɚɟɦɵɣ cosφ = Ͳ,ͺ ÷ Ͳ,ͻͷ. 
 ʹ݌ = ʹ ∙ ݂ ∙ ͸Ͳ݊଴ = ʹ ∙ ͷͲ ∙ ͸Ͳͳ͸͸,͹ = ͵͸.                                                               ሺ͵.ʹͷሻ 
 
ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɜɵɛɢɪɚɟɦ ɫɢɧɯɪɨɧɧɵɣ ɜɟɪɬɢɤɚɥɶɧɵɣ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ-835/180-36 [5].  
  
4 Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ, ɜɵɛɨɪ ɬɢɩɚ ɢ ɪɚɫɱɟɬ ɨɫɧɨɜɧɵɯ 
ɫɨɨɪɭɠɟɧɢɣ  
 
4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ  
 
Ⱦɥɹ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ 
ɧɚɯɨɞɹɬ ɩɨ ɮɨɪɦɭɥɚɦ: 
 ∇ʒʐʞ = ∇ʜʞʢ + ℎଵ% + ܽ                                                                                 ሺͶ.ͳሻ 
 ∇ʒʐʞ = ∇ʣʞʢ + ℎଵ% + ܽ                                                                                ሺͶ.ʹሻ 
 
Ƚɞɟ  ℎଵ% − ˅˞˔ˑ˕˃  ˅ˑˎː˞ ˓˃˔˚ˈ˕ːˑˌ ˑ˄ˈ˔˒ˈ˚ˈːːˑ˔˕˟ˡ ͳ% 
a – ɜɟɥɢɱɢɧɚ ɡɚɩɚɫɚ, ɡɚɜɢɫɢɬ ɨɬ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ, ɢ ɫɨɫɬɚɜɥɹɟɬ ɧɟ 
ɦɟɧɟɟ 0,4 ɦ ɞɥɹ III ɤɥɚɫɫɚ. 
 Ɋɚɫɱɟɬ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
ɗɥɟɦɟɧɬɵ ɜɟɬɪɨɜɵɯ ɜɨɥɧ ɢ ɜɵɫɨɬɭ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɨɩɪɟɞɟɥɹɸɬ 
ɫɨɝɥɚɫɧɨ [3].  
ȼɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
  ∆ℎ௦௘௧ = ݇௪ ∙ 𝑉𝑤మ∙௅𝑔∙ௗ ∙ ܿ݋ݏߙ = ʹ,ͳ ∙ ͳͲ−଺ ∙ ଶ଴మ∙ଵଶ଴଴ଽ,଼ଵ∙ଶ଻,ହ = Ͳ,ͲͲ͵                          ሺͶ.͵ሻ 
 
Ƚɞɟ  ௪ܸ – ɪɚɫɱёɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10 ɦ ɧɚɞ ɭɪɨɜɧɟɦ ɜɨɞɵ;  ݇௪- ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɱɟɬɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ݇௪ = ʹ,ͳ ∙ ͳͲ−଺ [2, ɩɪɢɥɨɠɟɧɢɟ 1,ɬɚɛɥɢɰɚ 2*] ܮ – ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ; ߙ – ɭɝɨɥ ɦɟɠɞɭ ɩɪɨɞɨɥɶɧɨɣ ɨɫɶɸ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ 
ɝɨɫɩɨɞɫɬɜɭɸɳɢɯ ɜɟɬɪɨɜ, ɩɪɢɧɢɦɚɟɦ 0; ݀  – ɭɫɥɨɜɧɚɹ ɪɚɫɱёɬɧɚɹ ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ. 
 ݀ = ∇ʜʞʢ − ∇ˇː˃ʹ = ͺ͵ͻ − ͹ͺͶʹ = ʹ͹,ͷ ˏ                                                 ሺͶ.Ͷሻ 
 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ 
ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɟɜ: 
ȼɵɱɢɫɥɹɸɬ ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ 𝑔∙௅𝑉𝑤మ  ɢ 𝑔∙௧𝑉𝑤  , ɝɞɟ t – ɩɟɪɢɨɞ ɪɚɡɜɢɬɢɹ ɜɨɥɧ ɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ, t = 21600ɫɟɤ. 
Ⱦɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ: 
 ݃ ∙ ܮ௪ܸଶ = ͻ,ͺͳ ∙ ͳʹͲͲʹͲଶ = ʹͻ,Ͷ͵;                                                                           ሺͶ.ͷሻ 
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݃ ∙ ݐ௪ܸ = ͻ,ͺͳ ∙ ʹͳ͸ͲͲʹͲ = ͳͲͷͻͶ,ͺ.                                                                    ሺͶ.͸ሻ 
 
Ⱦɥɹ ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɹ: 
 ݃ ∙ ܮ௪ܸଶ = ͻ,ͺͳ ∙ ͳʹͲͲͳͻଶ = ͵ʹ.͸ͳ;                                                                           ሺͶ.͹ሻ 
 ݃ ∙ ݐ௪ܸ = ͻ,ͺͳ ∙ ʹͳ͸ͲͲͳͻ = ͳͳͳͷʹ.Ͷʹ                                                                    ሺͶ.ͺሻ 
 
ɉɨ ɝɪɚɮɢɤɭ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɜɟɬɪɨɜɵɯ ɜɨɥɧ ɜ 
ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɢ ɦɟɥɤɨɜɨɞɧɨɣ ɡɨɧɚɯ [2, ɩɪɢɥɨɠɟɧɢɟ 1, ɪɢɫ.1], ɞɥɹ ɜɟɪɯɧɟɣ 
ɨɝɢɛɚɸɳɟɣ ɤɪɢɜɨɣ (ɞɥɹ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ) ɞɥɹ ɡɧɚɱɟɧɢɣ 𝑔∙௧𝑉𝑤  ɢ  𝑔∙௅𝑉𝑤మ  
ɨɩɪɟɞɟɥɹɸɬ ɩɚɪɚɦɟɬɪɵ 𝑔∙ℎ𝑉𝑤మ  ɢ 𝑔∙்𝑉𝑤 . 
 
ɉɪɢ  𝑔∙௅𝑉𝑤మ = ଽ,଼ଵ∙ଵଶ଴଴ଶ଴మ = ʹͻ,Ͷ͵ ,  𝑔∙ℎ𝑉𝑤మ = Ͳ,Ͳͳ ; 𝑔∙்𝑉𝑤 = ͳ,ʹ͵ 
 
ɉɪɢ  𝑔∙௧𝑉𝑤 = ଽ,଼ଵ∙ଶଵ଺଴଴ଶ଴ = ͳͲͷͻͶ,ͺ   ,  𝑔∙ℎ𝑉𝑤మ = Ͳ,Ͳͳ ; 𝑔∙்𝑉𝑤 = ͳ,ʹ͵ 
 
 
ɉɪɢɧɢɦɚɟɬɫɹ ɦɟɧɶɲɟɟ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ: 
 ݃ ∙ ℎ௪ܸଶ = Ͳ,Ͳͳ;                                                                                                         ሺͶ.ͻሻ 
 ݃ ∙ ܶ௪ܸ = ͳ,ʹ͵.                                                                                                       ሺͶ.ͳͲሻ 
 
ɂɫɩɨɥɶɡɭɹ ɢɯ, ɨɩɪɟɞɟɥɹɸɬ ɫɪɟɞɧɢɣ ɩɟɪɢɨɞ ɜɨɥɧɵ ܶ (ɫ) ɢ ɫɪɟɞɧɸɸ 
ɜɵɫɨɬɭ ɜɨɥɧɵ ℎ (ɦ). 
 ℎ = ʹͲଶ ∙ Ͳ,Ͳͳͻ,ͺͳ = Ͳ,Ͷ ˏ;                                                                                  ሺͶ.ͳͳሻ 
 ܶ = ʹͲ ∙ ͳ,ʹ͵ͻ,ͺͳ = ʹ,ͷ ˔ˈˍ.                                                                                 ሺͶ.ͳʹሻ 
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Ɋɚɫɫɱɢɬɚɸɬ ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɜɨɥɧɵ: 
 𝜆ௗ = ݃ ∙ ܶଶʹ ∙ ߨ = ͻ,ͺͳ ∙ ʹ,ͷଶʹ ∙ ͵,ͳͶ = ͻ,͹͸ ˏ.                                                             ሺͶ.ͳ͵ሻ 
 
ɉɪɨɜɟɪɢɦ ɭɫɥɨɜɢɟ ɞɥɹ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ:  
 ݀ > Ͳ,ͷ ∙ 𝜆ௗ  .                                                                                                       ሺͶ.ͳͶሻ 
 ʹ͹,ͷ > Ͳ,ͷ ∙ ͻ,͹͸ = Ͷ,ͺͺ ˏ.                                                                            ሺͶ.ͳͷሻ 
 
ɍɫɥɨɜɢɟ ɫɨɛɥɸɞɚɟɬɫɹ- ɡɨɧɚ ɝɥɭɛɨɤɨɜɨɞɧɚɹ 
 
Ɉɩɪɟɞɟɥɢɦ ɜɵɫɨɬɭ ɜɨɥɧɵ 1 % ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 
 ℎଵ% = ℎ ∙ ܭ௜ .                                                                                                       ሺͶ.ͳ͸ሻ 
 
ɝɞɟ   ܭ௜–ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɜɨɥɧɨɨɛɪɚɡɭɸɳɢɯ ɮɚɤɬɨɪɨɜ,  𝑔∙௅𝑉𝑤మ = ʹͻ,Ͷ͵ [2, ɩɪɢɥɨɠɟɧɢɟ 1, ɪɢɫ.2] 
 ܭ௜ = ʹ.ͳ; 
 ℎଵ% = Ͳ,Ͷ ∙ ʹ.ͳ = Ͳ,ͺͶ ˏ.                                                                                ሺͶ.ͳ͹ሻ 
 
ɇɚɯɨɞɢɦ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʒʐʞ = ͺ͵ͻ + Ͳ,ͺͶ + Ͳ,ͷ = ͺͶͲ,͵Ͷ ˏ.                                                     ሺͶ.ͳͺሻ 
 
Ɋɚɫɱɟɬ ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 
ȼɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ: 
 ∆ℎ௦௘௧ = ʹ,ʹͺ ∙ ͳͲ−଺ ∙ ͳͻଶ ∙ ͳʹͲͲͻ,ͺͳ ∙ ʹͺ,ͷͲ = Ͳ,ͲͲ͵ͷ.                                            ݇௪ = ʹ,ʹͺ ∙ ͳͲ−଺ [2, ɩɪɢɥɨɠɟɧɢɟ 1,ɬɚɛɥɢɰɚ 2*] 
 
ɍɫɥɨɜɧɚɹ ɪɚɫɱёɬɧɚɹ ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ: 
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݀ = ͺͶͳ − ͹ͺͶʹ = ʹͺ,ͷͲ ˏ.                                                                             
 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 
ȼɵɱɢɫɥɹɟɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ  𝑔∙௅𝑉𝑤మ  ɢ 𝑔∙௧𝑉𝑤  , ɝɞɟ t – ɩɟɪɢɨɞ ɪɚɡɜɢɬɢɹ ɜɨɥɧ ɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ, t = 21600ɫɟɤ. 
 ݃ ∙ ܮ௪ܸଶ = ͻ,ͺͳ ∙ ͳʹͲͲͳͻଶ = ͵ʹ,͸ͳ                                                                         
 ݃ ∙ ݐ௪ܸ = ͻ,ͺͳ ∙ ʹͳ͸ͲͲͳͻ = ͳͳͳͷʹ,Ͷʹ.                                                               
 
ɉɨ ɜɟɪɯɧɟɣ ɨɝɢɛɚɸɳɟɣ ɤɪɢɜɨɣ ɝɪɚɮɢɤɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 
ɜɟɬɪɨɜɵɯ ɜɨɥɧ ɜ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɢ ɦɟɥɤɨɜɨɞɧɨɣ ɡɨɧɚɯ [2, ɩɪɢɥɨɠɟɧɢɟ 1, 
ɪɢɫ.1], ɞɥɹ ɡɧɚɱɟɧɢɣ 𝑔∙௧𝑉𝑤  ɢ  𝑔∙௅𝑉𝑤మ  ɨɩɪɟɞɟɥɹɟɦ ɩɚɪɚɦɟɬɪɵ 𝑔∙ℎ𝑉𝑤మ  ɢ 𝑔∙்𝑉𝑤 . 
 
ɉɪɢ  𝑔∙௅𝑉𝑤మ = ଽ,଼ଵ∙ଵଶ଴଴ଵଽమ = ͵ʹ,͸ͳ  ,  𝑔∙ℎ𝑉𝑤మ = Ͳ,ͲͲͻ ; 𝑔∙்𝑉𝑤 = ͳ,ͳͻ.                
 
ɉɪɢ  𝑔∙௧𝑉𝑤 = ଽ,଼ଵ∙ଶଵ଺଴଴ଵଽమ = ͳͳͳͷʹ,Ͷʹ  , ,  𝑔∙ℎ𝑉𝑤మ = Ͳ,ͲͲͻ ; 𝑔∙்𝑉𝑤 = ͳ,ͳͻ.     
 
 
ɉɪɢɧɢɦɚɟɦ ɦɟɧɶɲɟɟ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ: 
 ݃ ∙ ℎ௪ܸଶ = Ͳ,ͲͲͻ;                                                                                                     
 ݃ ∙ ܶ௪ܸ = ͳ,ͳͻ.                                                                                                        
 
ɂɫɩɨɥɶɡɭɹ ɢɯ ɨɩɪɟɞɟɥɢɦ ɫɪɟɞɧɢɣ ɩɟɪɢɨɞ ɜɨɥɧɵ ܶ (ɫ) ɢ ɫɪɟɞɧɸɸ 
ɜɵɫɨɬɭ ɜɨɥɧɵ ℎ (ɦ). 
 ℎ = ʹͲଶ ∙ Ͳ,ͲͲͻͻ,ͺͳ = Ͳ,͵͹ ˏ;                                                                          
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ܶ = ʹͲ ∙ ͳ,ͳͻͻ,ͺͳ = ʹ,Ͷ͵ ˔.                                                                                 
 
Ɋɚɫɫɱɢɬɚɟɦ ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɜɨɥɧɵ: 
 𝜆ௗ = ͻ,ͺͳ ∙ ʹ,Ͷ͵ଶʹ ∙ ͵,ͳͶ = ͻ,ʹʹ ˏ.                                                                         
 
ɉɪɨɜɟɪɢɦ ɭɫɥɨɜɢɟ ɞɥɹ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ:  
 ݀ > Ͳ,ͷ ∙ 𝜆ௗ;                                                                                                     
 Ͷͳ > Ͳ,ͷ ∙ ͳ͹ = ͷ,ͷ͹ ˏ.                                                                                 
 
ɍɫɥɨɜɢɟ ɫɨɛɥɸɞɚɟɬɫɹ- ɡɨɧɚ ɝɥɭɛɨɤɨɜɨɞɧɚɹ. 
Ɉɩɪɟɞɟɥɢɦ ɜɵɫɨɬɭ ɜɨɥɧɵ 1 % ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 
 ܭ௜ = ʹ,ͳ; 
 ℎଵ% = Ͳ,͵͹ ∙ ʹ,ͳ = Ͳ,͹ͺ ˏ.                                                                           
 
ɇɚɯɨɞɢɦ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʒʐʞ = ͺͶͳ + Ͳ,ͻʹ + Ͳ,Ͷ = ͺͶʹ,͵ʹ ˏ.                                                     
 
4.2 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 
 
4.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 
 
ɑɢɫɥɨ ɢ ɪɚɡɦɟɪ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ ɨɩɪɟɞɟɥɹɟɦ, ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ 
ɩɪɨɩɭɫɤɚ ɪɚɫɯɨɞɚ ɜɨɞɵ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ. ɉɪɨɩɭɫɤ ɪɚɫɯɨɞɚ 
ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɩɪɢ ɇɉɍ ɱɟɪɟɡ ɜɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɜɨɞɨɩɪɨɩɭɫɤɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɩɪɢ ɩɨɥɧɨɦ ɢɯ ɨɬɤɪɵɬɢɢ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [3] ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɪɨɩɭɫɤɟ 
ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɚɝɪɟɝɚɬɨɜ Ƚɗɋ. ɉɪɢ ɢɯ ɱɢɫɥɟ 
n=3, ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɪɨɩɭɫɤɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ 
ɜɨɞɵ ɩɪɢɧɢɦɚɟɦ n-1=3-1=2 ɚɝɪɟɝɚɬɨɜ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɨɫɧɨɜɧɨɝɨ 
ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ܳˑ˔ː.௠௔௫ ,ɨɩɪɟɞɟɥɹɟɬɫɹ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɦɢ ɪɚɫɱɟɬɚɦɢ ɫ ɭɱɟɬɨɦ ɟɠɟɝɨɞɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɟɜɵɲɟɧɢɹ ɪɚɫɱɟɬɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɪɚɫɯɨɞɚ (3 % ɞɥɹ ɫɨɨɪɭɠɟɧɢɹ III ɤɥɚɫɫɚ). 
Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ: 
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 ܳ˓ = ܳˑ˔ː.௠௔௫ − ܳʒЭʠሺ݊ሻ = ʹͻͳͻ − ͵͵ʹ,͹ ∙ ʹ = ʹʹͷ͵,͸ ˏଷ ˔.⁄            ሺͶ.ʹͳሻ 
 
ɝɞɟ  ܳˑ˔ː.௠௔௫− ɪɚɫɱɟɬɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ. ܳʒЭʠሺ݊ሻ-ɪɚɫɯɨɞ ɱɟɪɟɡ ɚɝɪɟɝɚɬɵ, ɭɱɚɫɬɜɭɸɳɢɟ ɩɪɢ ɩɪɨɩɭɫɤɟ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ. 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
 ܤ = ܳ˓ݍ˅ = ʹʹͷ͵,͸͸͵,͹ͷ = ͵ͷ,͵ͷ ˏ ≈ ͵͸ ˏ.                                                         ሺͶ.ʹʹሻ 
 
ɝɞɟ   ݍ˅ − ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ, ɪɚɜɧɵɣ 
 ݍ˅ = ͳ,ʹͷ ∙ ݍ˓ = ͳ,ʹͷ ∙ ͷͳ = ͸͵,͹ͷ ˏଶ ˔.⁄                                                 ሺͶ.ʹ͵ሻ  
 
ɝɞɟ   ݍ˓-  ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ. 
 ݍ˓ = [ݒℎ] ∙ ℎʜʐ = ͷ ∗ ሺ͹ͻͶ,ʹ − ͹ͺͶሻ = ͷͳ ˏଶ ˔⁄ .                                   ሺͶ.ʹͶሻ 
 
ɝɞɟ   ℎʜʐ − ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɪɢɜɨɣ ∇ʜʐ =݂ሺܳʜʐሻ ɩɪɢ ܳˑ˔ː.௠௔௫;  ݒℎ− ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɪɭɧɬɨɜ, ɫɥɚɝɚɸɳɢɯ ɞɧɨ ɪɟɤɢ, ɞɥɹ ɫɤɚɥɶɧɵɯ ɩɪɢɧɢɦɚɟɬɫɹ = 5 ˏ ˔⁄   
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ B  , ɞɨɥɠɧɚ ɛɵɬɶ ɰɟɥɵɦ ɱɢɫɥɨɦ, 
ɩɨɷɬɨɦɭ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɤɪɭɝɥɹɸɬ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ ɢ, ɤɪɨɦɟ ɬɨɝɨ, 
nbB = , ɝɞɟ n  − ɱɢɫɥɨ ɩɪɨɥɟɬɨɜ (ɧɟ ɦɟɧɟɟ2÷3), b  − ɫɬɚɧɞɚɪɬɧɚɹ ɲɢɪɢɧɚ 
ɩɪɨɥɟɬɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ ɡɚɜɨɞɨɜ-
ɢɡɝɨɬɨɜɢɬɟɥɟɣ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɜɧɨɣ 8, 9, 10, 12, 14, 16, 
18, 20, 24,30 ɦ. 
 ݊ = ܾ˔˕ܤ = ͵͸ͳʹ = ͵.                                                                                           ሺͶ.ʹͷሻ 
 
ɉɪɢ ɱɢɫɥɟ ɩɪɨɥɟɬɨɜ ݊ = ͵ ,ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɩɪɨɥɟɬɨɜ ɧɟ ɬɪɟɛɭɟɬɫɹ. 
 ܤ = ݊ ∙ ܾ = ͵ ∙ ͳʹ = ͵͸ ˏ.                                                                              ሺͶ.ʹ͸ሻ 
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4.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 
 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɤɪɢɜɨɥɢɧɟɣɧɵɣ ɛɟɡɜɚɤɭɭɦɧɵɣ ɜɨɞɨɫɥɢɜ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 
ɩɪɨɮɢɥɹ.  
 ܪ଴ଵ = ቆ ܳ˓݉ ∙ ܤ ∙ √ʹ ∙ ݃ቇଶ ଷ⁄ = ( ʹʹͷ͵,͸Ͳ,Ͷͻ ∙ ͵͸ ∙ √ʹ ∙ ͻ,ͺͳ)ଶ ଷ⁄ = ͻ,ͶͲ ˏ,       ሺͶ.ʹͺሻ 
 
Ƚɞɟ m −ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɚ ɢ 
ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɜɨɞɨɫɥɢɜɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ [4, 
ɪɚɡɞɟɥ 6-4]. ɉɪɢɦɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ m=0,49 (ɩɪɚɤɬɢɱɟɫɤɢɣ ɩɪɨɮɢɥɶ 
ɬɢɩɚ Ⱥ). 
 ܪ଴ଶ = ቆ ܳ˓݉ ∙ ߝ ∙ 𝜎௡ ∙ ܤ ∙ √ʹ ∙ ݃ቇଶ ଷ⁄ = ( ʹʹͷ͵,͸Ͳ,Ͷͻ ∙ Ͳ,ͻʹ ∙ ͳ ∙ ͵͸ ∙ √ʹ ∙ ͻ,ͺͳ)ଶ ଷ⁄ = 
 = ͻ,ͻͶ ˏ,                                                                                                           ሺͶ.ʹͻሻ 
 
ɝɞɟ  𝜎௡ − ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ (ɫɱɢɬɚɟɦ, ɱɬɨ ɜɨɞɨɫɥɢɜ ɧɟ ɩɨɞɬɨɩɥɟɧ, 𝜎௡= 1); ߝ − ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ, 
ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 ߝ = ͳ − Ͳ,ʹ ∙ 𝜉 + ሺ݊ − ͳሻ ∙ 𝜉଴݊ ∙ ܪ଴ଵܾ ;                                                            ሺͶ.͵Ͳሻ 
 ߝ = ͳ − Ͳ,ʹ ∙ Ͳ,͹ + ሺ͵ − ͳሻ ∙ Ͳ,Ͷͷ͵ ∙ ͻ,ͶͲͳʹ = Ͳ,ͻʹ,                              
 
ɝɞɟ  ξ − ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɨɤɨɜɵɯ ɭɫɬɨɟɜ, ɩɪɢɧɢɦɚɟɦ ξ=0,7(ɡɚɤɪɭɝɥёɧɧɚɹ 
ɮɨɪɦɚ ɭɫɬɨɹ); 
ξ0 − ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ ɢ ɨɬ ɮɨɪɦɵ 
ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɛɵɤɚ, ɩɪɢɧɢɦɚɟɦ ξ0=0,45(ɤɪɭɝɥɚɹ ɮɨɪɦɚ ɛɵɤɚ). 
Ɉɩɪɟɞɟɥɹɸɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ ɩɨɫɥɟ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɩɪɨɜɟɪɤɢ ɭɫɥɨɜɢɹ ω > Ͷܤܪ:   ω = ሺ∇ʜʞʢ − ∇ˇːˑሻ ∙ [B + ሺn − ͳሻ ∙ Ȼ ] ,                                               ሺͶ.͵ͳሻ 
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ɝɞɟ  ω − ɩɥɨɳɚɞɶ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ 
 ω = ሺͺ͵ͻ − ͹ͺͶሻ ∙ [͵͸ + ሺ͵ − ͳሻ ∙ ͵,ͷ] = ʹ͵͸ͷ ˏଶ                                ሺͶ.͵ʹሻ 
 Ͷܤܪ = Ͷ ∙ Ͷ͵ ∙ ͻ.ͻͶ = ͳ͹Ͳͻ,͸ͺ ˏଶ                                                              ሺͶ.͵͵ሻ 
 
ɝɞɟ  Ȼ  − ɬɨɥɳɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ, ɪɚɜɧɚɹ 3,5 ɦ (ɪɚɡɞɟɥ 3.3); 
 Ͷܤܪ = ͳ͹Ͳͻ,͸ͺ <  ω = ʹ͵͸ͷ ˏଶ                                                                ሺͶ.͵Ͷሻ 
 
Ⱦɚɧɧɨɟ ɭɫɥɨɜɢɟ ɫɨɛɥɸɞɚɟɬɫɹ, ɩɨɷɬɨɦɭ ɫɤɨɪɨɫɬɶɸ ɩɨɞɯɨɞɚ ɜɨɞɵ ɤ 
ɜɨɞɨɫɥɢɜɭ ɩɪɟɧɟɛɪɟɝɚɟɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ܪˑ = ܪ଴ଶ = 9,94 ɦ. 
 
Ɉɬɦɟɬɤɭ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʒʑ = ∇ʜʞʢ − ܪ˔˕ = ͺ͵ͻ − ͳͲ = ͺʹͻ ˏ.                                                ሺͶ.͵ͷሻ 
 
ɝɞɟ  ɫɬ  − ɫɬɚɧɞɚɪɬɧɵɣ ɧɚɩɨɪ, ɛɥɢɠɚɣɲɢɣ ɤ ɪɚɫɱɟɬɧɨɦɭ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ. 
 ܪ˔˕ = ͳͲ ˏ. 
 
4.2.3 ɉɪɨɜɟɪɤɚ ɧɚ ɩɪɨɩɭɫɤ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ 
ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ 
 
ɉɪɨɜɟɪɤɚ ɧɚ ɩɪɨɩɭɫɤ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ ɪɚɫɱɟɬɧɨɦ 
ɫɥɭɱɚɟ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɪɚɫɱɟɬɧɨɣ ɨɬɦɟɬɤɢ Ɏɉɍ. ܳ˓.˒ˑ˅ ɨɩɪɟɞɟɥɹɟɬɫɹ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɦɢ ɪɚɫɱɟɬɚɦɢ ɫ ɭɱɟɬɨɦ ɟɠɟɝɨɞɧɨɣ 
ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɟɜɵɲɟɧɢɹ ɪɚɫɱɟɬɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ, ɪɚɜɧɨɣ 0,05%, 
ɞɥɹ ɫɨɨɪɭɠɟɧɢɹ III ɤɥɚɫɫɚ.  
 ܳ˓.˒ˑ˅ = ܳˑ˔ː.௠௔௫ − ܳʒЭʠሺ݊ሻ − ܳ˔;                                                               ሺͶ.͵͸ሻ 
 ܳ˓.˒ˑ˅ = ͵͹ʹͳ − ͵͵ʹ.͹ ∙ ʹ − Ͳ = ͵Ͳͷͷ.͸ ˏଷ ˔⁄ ,                                        
 
Ƚɞɟ  ܳʒЭʠሺ݊ሻ − ɪɚɫɯɨɞ ɜɨɞɵ, ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɚɝɪɟɝɚɬɵ ɡɞɚɧɢɹ Ƚɗɋ;  ܳ˔− ɪɚɫɯɨɞ, ɫɛɪɚɫɵɜɚɟɦɵɣ ɱɟɪɟɡ ɞɪɭɝɢɟ ɜɨɞɨɩɪɨɩɭɫɤɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ, ɚ ɬɚɤɠɟ ɱɟɪɟɡ ɜɨɞɨɡɚɛɨɪɵ, ɲɥɸɡɵ, ɪɵɛɨɩɪɨɩɭɫɤɧɵɟ ɫɨɨɪɭɠɟɧɢɹ, ܳ˔ = Ͳ;   
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Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɪɚɫɯɨɞɚ 
ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ, ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ: 
 ܪ଴ଵ ˒ˑ˅ = ቆ ܳ˓.˒ˑ˅݉ ∙ ܤ ∙ √ʹ ∙ ݃ቇଶ ଷ⁄                                                                         ሺͶ.͵͹ሻ 
 ܪ଴ଵ ˒ˑ˅ = ( ͵Ͳͷͷ.͸Ͳ,Ͷͻ ∙ ͵͸ ∙ √ʹ ∙ ͻ,ͺͳ)ଶ ଷ⁄ = ͳͳ,ͷʹ  ˏ; 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ: 
 ߝ˒ˑ˅ = ͳ − Ͳ,ʹ ∙ 𝜉 + ሺ݊ − ͳሻ ∙ 𝜉଴݊ ∙ ܪ଴ଵ ˒ˑ˅ܾ Ͳ,ͻ =                
 = ͳ − Ͳ,ʹ ∙ Ͳ,͹ + ሺ͵ − ͳሻ ∙ Ͳ,Ͷͷ͵ ∙ ͳͳ,ͷʹͳʹ = Ͳ.ͻ                                           ሺͶ.͵ͺሻ 
 
Ɉɩɪɟɞɟɥɹɸɬ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɫ ɭɱɟɬɨɦ ɫɠɚɬɢɹ : 
 ܪ଴ଶ ˒ˑ˅ = ቆ ܳ˓.˒ˑ˅݉ ∙ ߝ ∙ 𝜎௡ ∙ ܤ ∙ √ʹ ∙ ݃ቇଶ ଷ⁄ ;                                                          ሺͶ.͵ͻሻ 
 ܪ଴ଶ ˒ˑ˅ = ( ͵Ͳͷͷ,͸Ͳ,Ͷͻ ∙ Ͳ,ͻ ∙ ͳ ∙ ͵͸ ∙ √ʹ ∙ ͻ,ͺͳ)ଶ ଷ⁄ = ͳʹ,͵͸ ˏ,                                                                                           
Ɉɩɪɟɞɟɥɹɸɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɩɪɨɜɟɪɢɜ ɭɫɥɨɜɢɟ ω > Ͷܤܪ: 
 ω = ሺͺͶͲ − ͹ͺͶሻ ∙ [͵͸ + ሺ͵ − ͳሻ ∙ ͵,ͷ] = ʹͺͲͲ ˏଶ ;                              ሺͶ.ͶͲሻ 
 Ͷܤܪ = Ͷ ∙ Ͷ͵ ∙ ͳʹ,͵͸ = ʹͳʹͷ,ͻʹ ˏଶ                                                                           ሺͶ.Ͷͳሻ 
 Ͷܤܪ = ͳ͹Ͳͻ,͸ͺ <  ω = ʹ͵͸ͷ ˏଶ .                                                              ሺͶ.Ͷʹሻ 
 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɩɨɥɧɨɦɭ ɧɚɩɨɪɭ: 
 ܪ˒ˑ˅ = ܪ଴ଶ ˒ˑ˅ = ͳʹ,͵͸ ˏ                                                                               
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Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱɟɬɧɭɸ ɨɬɦɟɬɤɭ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɭɪɨɜɧɹ: 
 ∇ʣʞʢ˓ = ∇ʒʑ + ܪ˒ˑ˅ = ͺʹͻ + ͳʹ,͵͸ = ͺͶͳ,͵͸ˏ                                ሺͶ.Ͷ͵ሻ 
  ∇ʣʞʢ˓ = ͺͶͳ,͵͸ ˏ ˅˞˛ˈ ˊ˃ˇ˃ːːˑˌ ∇ʣʞʢˊ˃ˇ. = ͺͶͲ ˏ , ɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɡɚɞɚɧɧɚɹ ɨɬɦɟɬɤɚ ∇ʣʞʢˊ˃ˇ.  ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ ɪɚɫɱɟɬɧɨɣ ɪɚɫɯɨɞɚ ∇ʣʞʢ˓ =ͺͶͳ,ͶͲ . 
 
4.2.4 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 
 
Ɉɝɨɥɨɜɨɤ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɜɨɞɨɫɥɢɜɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ ɬɢɩɚ Ⱥ 
ɫɬɪɨɢɬɫɹ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ Ʉɪɢɝɟɪɚ–Ɉɮɢɰɟɪɨɜɚ [3]. ɉɨ ɩɪɨɟɤɬɧɨɦɭ ɧɚɩɨɪɭ 
ɇɩɪ=ɇɫɬ ɨɩɪɟɞɟɥɹɟɦ ɤɨɨɪɞɢɧɚɬɵ ɨɝɨɥɨɜɤɚ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɜɨɞɨɫɥɢɜɚ, 
ɭɦɧɨɠɚɹ ɬɚɛɥɢɱɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɯ ɢ ɭ ɧɚ ɇɫɬ =10 ɦ (ɬɚɛɥɢɰɚ 4.1) 
 
Ɍɚɛɥɢɰɚ 4.1 – Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɝɨɥɨɜɤɚ ɜɨɞɨɫɥɢɜɚ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ 
x y x y 
1 1,26 21 13,69 
2 0,36 22 15,08 
3 0,07 23 16,53 
4 0 24 17,91 
5 0,06 25 19,6 
6 0,27 26 21,22 
7 0,6 27 22,89 
8 1 28 24,62 
9 1,46 29 26,4 
10 1,98 30 28,24 
11 2,56 31 30,13 
12 3,21 32 32,07 
13 3,94 33 34,05 
14 4,75 34 36,09 
15 5,64 35 38,18 
16 6,61 36 40,31 
17 7,64 37 42,49 
18 8,73 38 44,71 
19 9,87 39 46,98 
20 11,08 40 49,3 
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 Ɋɢɫɭɧɨɤ 4.2 – Ɉɝɨɥɨɜɨɤ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɜɨɞɨɫɥɢɜɚ, ɫ ɨɝɨɥɨɜɤɨɦ ɩɪɨɮɢɥɹ ɬɢɩɚ Ⱥ 
 
ɋɨɩɪɹɠɟɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɫ ɜɨɞɨɛɨɟɦ ɨɱɟɪɱɢɜɚɸɬ ɩɨ ɞɭɝɭ, 
ɪɚɞɢɭɫ ɤɨɬɨɪɨɣ ɧɚɡɧɚɱɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ܴ = ሺͲ,ʹ − Ͳ,ͷሻܥʜ + ܪ଴ = Ͳ,ʹ ∙ ሺͳͲ + Ͷͷሻ = ͳͳ ˏ.                                ሺͶ.ͶͶሻ 
 
ɝɞɟ ɋɇ - ɜɵɫɨɬɚ ɩɥɨɬɢɧɵ ɫɨ ɫɬɨɪɨɧɵ ɇȻ; 
 ܥʜ = ∇ʒʑ − ∇ˇː˃ = ͺʹͻ − ͹ͺͶ = Ͷͷ ˏ.                                                   ሺͶ.Ͷͷሻ 
 
4.2.5 Ɋɚɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ  
 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɝɥɭɛɢɧɵ ɫhɢ ɛɵɬɨɜɨɣ ɝɥɭɛɢɧɵ ɇȻh
ɜɨɡɧɢɤɚɸɬ ɫɥɟɞɭɸɳɢɟ ɬɢɩɵ ɫɨɩɪɹɠɟɧɢɹ ɛɶɟɮɨɜ: 
ɚ) ℎ௖′′ > ℎʜʐ  − ɫɨɩɪɹɠɟɧɢɟ ɩɨ ɬɢɩɭ ɨɬɨɝɧɚɧɧɨɝɨ ɩɪɵɠɤɚ; 
ɛ) ℎ௖′′ = ℎʜʐ − ɫɨɩɪɹɠɟɧɢɟ ɜ ɜɢɞɟ ɩɪɵɠɤɚ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ; 
ɜ) ℎ௖′′ < ℎʜʐ − ɫɨɩɪɹɠɟɧɢɟ ɜ ɜɢɞɟ ɧɚɞɜɢɧɭɬɨɝɨ (ɡɚɬɨɩɥɟɧɧɨɝɨ) ɩɪɵɠɤɚ. Ɋɚɫɱɟɬ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɫɨɩɪɹɠɟɧɧɵɯ ɝɥɭɛɢɧ ℎ௖′   ɢ ℎ௖′′ , ɢ ɫɪɚɜɧɟɧɢɹ ℎ௖′′ ɫ ɛɵɬɨɜɨɣ ɝɥɭɛɢɧɨɣ ℎʜʐ. Ɉɩɪɟɞɟɥɹɟɦ ɩɨɥɧɭɸ ɭɞɟɥɶɧɭɸ ɷɧɟɪɝɢɸ ɩɨɬɨɤɚ ɱɟɪɟɡ ɩɥɨɬɢɧɭ: 
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ܧ଴ = ܥʜ + ܪ଴ = Ͷͷ + ͳͲ = ͷͷ ˏ.                                                                ሺͶ.Ͷ͸ሻ 
 
Ƚɞɟ  H0- ɩɨɥɧɵɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ. 
 
ȼɵɱɢɫɥɹɟɦ ɤɪɢɬɢɱɟɫɤɭɸ ɝɥɭɛɢɧɭ ɩɨɬɨɤɚ ɩɪɢ ɩɨɥɧɨɦ ɨɬɤɪɵɬɢɢ ɜɫɟɯ 
ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ: 
 ℎˍ˓ = √ ߙ ∙ ܳଶ˓[ܤ + ሺ݊ − ͳሻߜʐ]ଶ ∙ ݃య = √ ͳ,ͳ ∙ ʹʹͷ͵,͸ଶሺ͵͸ + ʹ ∙ ͵.ͷሻଶ ∙ ͻ,ͺͳయ = ͸.͹ͷ ˏ,    ሺͶ.Ͷ͹ሻ 
 
Ƚɞɟ  α − ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ, ሺߙ = ͳ,ͳሻ 
 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ: 
 𝜉଴ = ܧ଴ℎˍ˓ = ͷͷ͸,͹ͷ = ͺ,ͳͷ.                                                                                 ሺͶ.Ͷͺሻ 
 
Ɉɩɪɟɞɟɥɹɸɬ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ φ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ ℎ௖′  ɩɨ ɪɟɤɨɦɟɧɞɚɰɢɢ ɇ.ɇ. ɉɚɜɥɨɜɫɤɨɝɨ [3]. 
ɉɪɢ ɜɵɫɨɬɟ ɩɥɨɬɢɧɵ ɛɨɥɶɲɟ 40 ɦ, ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɵɦ, φ = 0,90. 
ɉɨ ɝɪɚɮɢɤɭ Ɇ.Ⱦ. ɑɟɪɬɨɭɫɨɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɭɞɟɥɶɧɨɣ 
ɷɧɟɪɝɢɢ 𝜉଴ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ φ, ɨɩɪɟɞɟɥɹɸɬɫ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɝɥɭɛɢɧɭ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ 𝜉௖  ˋ ˑ˕ːˑ˔ˋ˕ˈˎ˟ː˖ˡ ˅˕ˑ˓˖ˡ ˔ˑ˒˓ˢˉˈːː˖ˡ ˆˎ˖˄ˋː˖ 𝜉௖′′. 
 𝜉௖ = Ͳ,ʹͺʹ 
 𝜉௖′′ = ʹ,ͷͳ 
 
ȼɵɱɢɫɥɹɸɬ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ: 
 ℎ௖′ = 𝜉௖ ∙ ℎˍ˓ = Ͳ,ʹͺʹ ∙ ͸,͹ͷ = ͳ,ͻͲ ˏ.                                                        ሺͶ.Ͷͻሻ 
 ℎ௖′′ = 𝜉௖′′ ∙ ℎˍ˓ = ʹ,ͷͳ ∙ ͸,͹ͷ = ͳ͸,ͻͶ ˏ.                                                      ሺͶ.ͷͲሻ 
 ℎː˄ = ͳͲ,ʹ ˏ < ℎ௖′′ = ͳ͸,ͻͶ ˏ, ˔ˎˈˇˑ˅˃˕ˈˎ˟ːˑ ɫɨɩɪɹɠɟɧɢɟ ɩɨ ɬɢɩɭ ɨɬɨɝɧɚɧɧɨɝɨ ɩɪɵɠɤɚ. ɇɟɨɛɯɨɞɢɦɨ ɭɫɬɪɨɣɫɬɜɨ ɝɚɫɢɬɟɥɟɣ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ. 
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4.2.6 Ɋɚɫɱɟɬ ɝɚɲɟɧɢɹ ɷɧɟɪɝɢɢ ɫɩɨɫɨɛɨɦ ɫɜɨɛɨɞɧɨ ɨɬɛɪɨɲɟɧɧɨɣ 
ɫɬɪɭɢ  
 
Ⱦɥɹ ɜɨɞɨɫɛɪɨɫɧɵɯ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɝɚɲɟɧɢɟ ɷɧɟɪɝɢɢ ɫɛɪɚɫɵɜɚɟɦɨɣ ɜɨɞɵ ɫɩɨɫɨɛɨɦ ɫɜɨɛɨɞɧɨ 
ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɢ. ɗɬɨɬ ɫɩɨɫɨɛ ɩɪɢɦɟɧɹɸɬ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ, 
ɭɤɚɡɚɧɧɵɯ ɋɇɢɉ 2.06.06.85: 
ɜɵɫɨɬɚ ɩɥɨɬɢɧɵ ɛɨɥɟɟ 40 ɦɟɬɪɨɜ (ɜɵɫɨɬɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɩɥɨɬɢɧɵ 64 
ɦ.) 
ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɲɢɪɢɧɚ ɪɭɫɥɚ, ɞɨɥɠɧɚ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɬɨɝɨ 
ɱɬɨɛɵ, ɨɬɛɪɚɫɵɜɚɟɦɚɹ ɫɬɪɭɹ ɧɟ ɨɤɚɡɵɜɚɥɚ ɧɟɝɚɬɢɜɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɪɚɛɨɬɭ 
ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ 
 ݈௖ℎℎ = ʹͳ͸ͷͷ = Ͷ,ͺ > ͵.                                                                                       ሺͶ.ͷͳሻ 
 
ɝɞɟ   lc୦ − ˛ˋ˓ˋː˃ ˔˕˅ˑ˓˃ ˒ˑ ˘ˑ˓ˇˈ, ː˃ ˑ˕ˏˈ˕ˍˈ ˆ˓ˈ˄ːˢ ˒ˎˑ˕ˋː˞; h − ˅˞˔ˑ˕˃ ˒˓ˑˈˍ˕ˋ˓˖ˈˏˑˌ ˒ˎˑ˕ˋː˞.  
ɩɪɨɱɧɨɟ ɫɤɚɥɶɧɨɟ ɨɫɧɨɜɚɧɢɟ; ɜ ɨɫɧɨɜɚɧɢɢ ɡɚɥɟɝɚɟɬ ɝɪɚɧɢɬ ɫ    ɦɨɞɭɥɟɦ 
ɞɟɮɨɪɦɚɰɢɢ 50 ∙ ͳͲସ. Ⱦɚɧɧɵɟ ɭɫɥɨɜɢɹ ɫɨɛɥɸɞɚɸɬɫɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɝɚɲɟɧɢɟ 
ɷɧɟɪɝɢɢ ɨɬɛɪɨɫɨɦ ɫɬɪɭɢ ɜɩɨɥɧɟ ɩɪɢɟɦɥɟɦɨ. 
Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ - ɨɛɟɫɩɟɱɟɧɢɟ ɨɬɛɪɨɫɚ ɫɬɪɭɢ ɧɚ 
ɪɚɫɫɬɨɹɧɢɟ ɛɟɡɨɩɚɫɧɨɟ ɞɥɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɨɞɨɫɛɪɨɫɧɨɣ ɩɥɨɬɢɧɵ ɢ ɞɪɭɝɢɯ 
ɫɨɨɪɭɠɟɧɢɣ. 
Ɉɬɦɟɬɤɭ ɭɫɬɭɩɚ ɧɚɡɧɚɱɚɸɬ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɨɬɦɟɬɤɢ ɍɇȻ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɪɚɫɯɨɞɭ ɜɨɞɵ ɩɪɢ ɩɪɨɩɭɫɤɟ ɪɚɫɯɨɞɚ ɩɨɜɟɪɨɱɧɨɝɨ 
ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ, ɧɨ ɧɟ ɦɟɧɟɟ ɱɟɦ 1-2ɦ. 
ɇɚɡɧɚɱɚɟɦ ɦɢɧɢɦɚɥɶɧɭɸ ɨɬɦɟɬɤɭ ɭɫɬɭɩɚ: 
 ∇˖˔˕˖˒˃ = ∇ʢʜʐ௠௔௫ + ʹ ˏ = ͹ͻ͹ + ʹ = ͹ͻͻ ˏ,                                   ሺͶ.ͷʹሻ 
 
Ⱦɚɥɶɧɨɫɬɶ ɨɬɥɟɬɚ ɫɬɪɭɢ ɨɬ ɩɥɨɬɢɧɵ ɞɨ ɜɯɨɞɚ ɜ ɜɨɞɭ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ:  
 ܮ = ܭ௔ ∙  ݖଵ ∙ 𝜑ଶ ∙ ݏ݅݊ʹ ∙ ܽ ቆ[ͳ + (ݖ଴ݖଵ − ͳ) ⋅ ͳ𝜑ଶ ⋅ sinଶ ܽ]−଴.ହ + ͳቇ ;     ሺͶ.ͷ͵ሻ 
 
ɝɞɟ   kɚ-ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɱɢɫɥɭ Ɏɪɭɞɚ; 
φ-ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ, ɞɥɹ ɢɫɬɟɱɟɧɢɹ ɜ ɚɬɦɨɫɮɟɪɭ ɩɪɢ ɫɜɨɛɨɞɧɨ 
ɩɨɥɟɬɟ ɫɬɪɭɢ φ=1,0 ɩɨ ɞɚɧɧɵɦ ɇ.ɇ ɉɚɜɥɨɜɫɤɨɝɨ; 
α-ɭɝɨɥ ɫɯɨɞɚ ɫɬɪɭɢ ɫ ɬɪɚɦɩɥɢɧɚ, ɩɪɢɧɢɦɚɟɦ α=30 
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ݖ଴-ɩɪɟɜɵɲɟɧɢɟ ɍȼȻ ɧɚɞ ɍɇȻ ɫ ɭɱɟɬɨɦ ɫɤɨɪɨɫɬɧɨɝɨ ɧɚɩɨɪɚ. 
 Z଴ = ܧ଴ − ℎʜʐ = ͷͷ − ͳͲ,ʹ = ͶͶ,ͺ ˏ,                                                        ሺͶ.ͷͶሻ 
 ܼଵ = ሺߘʒʑ + ܪ˔˕ሻ − ߘ˖˔˕˖˒˃ = ሺͺʹͻ + ͳͲሻ − ͹ͻͻ = ͶͲ ˏ,               ሺͶ.ͷͷሻ 
 Fr = vଶːg ∙ hː = ʹ͹,ʹଶͻ,ͺͳ ∙ ͳ,ͻʹ = ͵ʹ,͵                                                                   ሺͶ.ͷ͸ሻ 
 
ɝɞɟ : Vː- ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɧɨɫɤɟ; hː-ɜɵɫɨɬɚ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ. 
 Vː = φ ∙ √ʹ ∙ g ∙ ݖଵ = Ͳ,ͻ͹ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ͶͲ = ʹ͹,ʹ ˏ⁄˔ ,                        ሺͶ.ͷ͹ሻ 
 hː = qvː = ͷʹ,Ͷʹ͹,ʹ = ͳ,ͻʹˏ,                                                                                ሺͶ.ͷͺሻ 
 
ɝɞɟ  q  - ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ 
 ݍ = ܳ˓ܤ + ሺ݊ − ͳሻ ∙ ߜ˄ = ʹʹͷ͵.͸͵͸ + ሺ͵ − ͳሻ ∙ ͵,ͷ = ͷʹ,Ͷ ˏଶ ˔⁄  .                     ሺͶ.ͷͻሻ 
 
ɉɪɢɧɢɦɚɟɦ kɚ=0,9 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɞɚɥɶɧɨɫɬɶ ɨɬɥɟɬɚ ɫɬɪɭɢ ɢ ɫɪɚɜɧɢɜɚɟɦ ɟɟ ɫ ɛɟɡɨɩɚɫɧɵɦ 
ɪɚɫɫɬɨɹɧɢɟɦ ɨɬɥɟɬɚ ɫɬɪɭɢ. Ȼɟɡɨɩɚɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬɥɟɬɚ ɫɬɪɭɢ ɞɥɹ ɩɥɨɬɢɧɵ 
ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɡ ɩɪɨɱɧɨɣ ɫɤɚɥɵ ɫɨɫɬɚɜɥɹɟɬ L > Ͳ,Ͷ ∙ Z଴ Ƚɞɟ  Z଴ – ɧɚɩɨɪ, ɫɨɡɞɚɜɚɟɦɵɣ ɩɥɨɬɢɧɨɣ. 
 ܮ = Ͳ,ͻ ⋅ ͶͲ ⋅ Ͳ,ͻ͹ଶ ⋅ sin ʹ ⋅ ⋅ ͵Ͳ ቆ[ͳ + (ͷͷͶͲ − ͳ) ⋅ ͳͲ,ͻ͹ଶ ⋅ sinଶ ͵Ͳ]−଴,ହ + ͳቇ = ͳʹ͵.͵͸ ˏ                ሺͶ.͸Ͳሻ 
 
ɫɪɚɜɧɢɜɚɟɦ ɫ ɛɟɡɨɩɚɫɧɵɦ ɪɚɫɫɬɨɹɧɢɟɦ ɨɬɥɟɬɚ ɫɬɪɭɢ: 
 
L>0,4∙zɨ                                                                                                               ሺͶ.͸ͳሻ 
 
123,36>34,65 
 
ɍɫɥɨɜɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɨɛɥɸɞɚɟɬɫɹ, ɪɚɫɱɟɬ ɫɱɢɬɚɟɬɫɹ ɡɚɜɟɪɲɟɧɧɵɦ 
Ƚɥɭɛɢɧɭ ɹɦɵ ɪɚɡɦɵɜɚ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
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 h˓˃ˊ = t − hʜʐ ,                                                                                                  ሺͶ.͸ʹሻ 
 ݐ = (Ͳ,ͳ + Ͳ,Ͷͷ ∙ √ܨݎర ) ∙ √ܨݎ ∙ √ℎʜʐ݀ర ∙ ℎʜ = (Ͳ,ͳ + Ͳ,Ͷͷ ∙ √͵ʹ,͵ర ) ∙ √͵ʹ,͵ ∙ ∙ √ͳͲ,ʹͳర ∙ ͳ,ͻʹ = ʹʹ,ͺʹ ˏ,                                                                               ሺͶ.͸͵ሻ 
 
ɝɞɟ  d-ɫɪɟɞɧɹɹ ɤɪɭɩɧɨɫɬɶ ɨɬɞɟɥɶɧɨɫɬɢ ɜ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ( d=1ɦ) 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɩɥɨɬɢɧɵ ɞɨ ɰɟɧɬɪɚ ɹɦɵ ɪɚɡɦɵɜɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ 
ɮɨɪɦɭɥɟ: 
 ܮଵ = ܮ + ݐݐ݃ߙଵ  ,                                                                                                 ሺͶ.͸Ͷሻ 
 
ɝɞɟ  ߙଵ - ɭɝɨɥ ɜɯɨɞɚ ɫɬɪɭɢ ɜ ɜɨɞɭ 
 ݐ݃ߙଵ = √ݐ݃ଶߙ + ʹ݃ሺͲ,ͷℎː ∙ ܿ݋ݏߙ + ܽ − ℎʜʐሻܸː ଶ ∙ ܿ݋ݏଶߙ = = √ݐ݃ଶ͵Ͳ + ʹ ∙ ͻ,ͺͳሺͲ,ͷ ∙ ͳ,ͻʹ ∙ ܿ݋ݏ͵Ͳ + ͳͷ − ͳͲ,ʹሻʹ͹,ʹଶ ∙ ܿ݋ݏଶ͵Ͳ = ͸,ͺ͵             ሺͶ.͸ͷሻ 
 
ɝɞɟ a - ɜɵɫɨɬɚ ɭɫɬɭɩɚ ɧɚɞ ɞɧɨɦ 
 ܽ = ∇˖˔˕ − ∇ˇːˑ = ͹ͻͻ − ͹ͺͶ = ͳͷ ˏ ,                                                  ሺͶ.͸͸ሻ 
 ܮଵ = ͳʹ͵,͵͸ + ʹʹ,ͺʹ͸,ͺ͵ = ͳʹ͸,͹ˏ                                                                   ሺͶ.͸͹ሻ 
 
Ƚɥɭɛɢɧɚ ɹɦɵ ɪɚɡɦɵɜɚ: 
 h˓˃ˊ = ʹʹ,ͺʹ − ͳͲ,ʹ = ͳʹ,͸ʹ ˏ                                                                     
 
Ⱦɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɹɦɵ ɪɚɡɦɵɜɚ ɜɞɨɥɶ ɬɟɱɟɧɢɹ ɧɚ ɭɪɨɜɧɟ 
ɪɚɡɦɵɬɨɝɨ ɪɭɫɥɚ ɪɟɤɢ: 
 ܾ˓ = ʹ,ͷ ∙ ℎˍ + ͵,͹ ∙ ℎ˓˃ˊ = ʹ,ͷ ∙ ͸,͹ͷ + ͵,͹ ∙ ͳʹ,͸ʹ = ͸͵,ͷ͹ ˏ ,          ሺͶ.͸ͺሻ 
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 ℎˍ- ɤɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ, ℎˍ=6,75 ɦ (ɪɚɡɞɟɥ 2.2.5) 
 
Ⱦɥɢɧɚ ɩɨ ɞɧɭ ɹɦɵ ɪɚɡɦɵɜɚ: 
 ݈ = ʹ,ͷ ∙ ͸,͹ͷ = ͳ͸,ͻ ˏ ,                                                                                  ሺͶ.͸ͻሻ 
 
4.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 
 
Ⱦɥɹ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ, 
ɨɬɜɟɱɚɸɳɚɹ ɷɬɢɦ ɭɫɥɨɜɢɹɦ ɪɚɜɧɚ: 
 B˒ˎh = Ͳ,͹͹.                                                                                                          ሺͶ.͹Ͳሻ 
  
ɝɞɟ  h- ɜɵɫɨɬɚ ɩɥɨɬɢɧɵ: 
 ℎ = ∇ʜʞʢ − ∇˒ˑˇˑ˛˅˞                                                                                ሺͶ.͹ͳሻ 
 ∇˒ˑˇˑ˛˅˞ = ∇ˇː˃ − ͵ = ͹ͺͶ − ͵ = ͹ͺͳ ˏ,                                          ሺͶ.͹ʹሻ 
 
Ɂɚɝɥɭɛɥɟɧɢɟ ɩɨɞɨɲɜɵ ɧɚ 3 ɦ ɨɛɭɫɥɨɜɥɟɧɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɭɞɚɥɟɧɢɹ 
ɫɥɨɹ ɝɪɭɧɬɚ ɫ ɧɢɡɤɨɣ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɨɫɧɨɜɚɧɢɹ.  
ȼɵɫɨɬɚ ɩɥɨɬɢɧɵ: 
 ℎ = ∇ʜʞʢ − ∇˒ˑˇˑ˛˅˞ = ͺ͵ͻ − ͹ͺͳ = ͷͺ ˏ.                                                   
 
ɒɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ: 
 B˒ˎ = Ͳ,ͺ ∗ h = Ͳ,ͺ ∗ ͷͺ ≈ Ͷ͸,Ͷ ˏ,                                                              ሺͶ.͹͵ሻ 
 
ɉɪɨɮɢɥɶ ɩɥɨɬɢɧɵ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ. 
 
4.4 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɲɜɚɦɢ 
 
ȼ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧɚɯ ɫɥɟɞɭɟɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɩɨɫɬɨɹɧɧɵɟ  ɢ 
ɜɪɟɦɟɧɧɵɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɲɜɵ. ɒɜɵ ɭɫɬɪɚɢɜɚɸɬ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɦɨɧɨɥɢɬɧɨɫɬɢ ɛɟɬɨɧɚ ɫɟɤɰɢɣ ɩɥɨɬɢɧɵ ɦɟɠɞɭ ɲɜɚɦɢ ɩɪɢ ɧɟɪɚɜɧɨɦɟɪɧɨɣ 
ɨɫɚɞɤɟ ɩɥɨɬɢɧɵ ɢ ɧɟɪɚɜɧɨɦɟɪɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɟɥɟ 
ɫɨɨɪɭɠɟɧɢɹ.  
55 
 
  
 
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɟɠɫɟɤɰɢɨɧɧɵɦɢ ɲɜɚɦɢ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ 30 ɦ, 
ɫ ɭɱɟɬɨɦ ɲɢɪɢɧɵ ɜɨɞɨɩɪɨɩɭɫɤɧɵɯ ɨɬɜɟɪɫɬɢɣ ɢ ɬɨɥɳɢɧɵ ɛɵɤɨɜ ɩɪɢɧɢɦɚɟɦ 
ɲɢɪɢɧɭ ɫɟɤɰɢɣ 15,5. 
Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɲɜɵ ɩɪɢɧɢɦɚɟɦ ɲɢɪɢɧɨɣ 1 ɫɦ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5 ɦ ɨɬ 
ɥɢɰɟɜɵɯ ɝɪɚɧɟɣ ɢ ɝɪɟɛɧɹ, ɚ ɜɧɭɬɪɢ ɬɟɥɚ ɩɥɨɬɢɧɵ 0,3 ɫɦ. 
ɉɪɢ ɜɨɡɜɟɞɟɧɢɢ ɫɨɨɪɭɠɟɧɢɹ ɛɭɞɟɬ ɩɪɢɦɟɧɹɬɫɹ ɫɬɨɥɛɱɚɬɚɹ ɪɚɡɪɟɡɤɚ ɧɚ 
ɛɥɨɤɢ ɛɟɬɨɧɢɪɨɜɚɧɢɹ. ɋɬɨɥɛɱɚɬɚɹ ɫɢɫɬɟɦɚ ɪɚɡɪɟɡɤɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɡɪɟɡɤɟ 
ɩɥɨɬɢɧɵ ɧɚ ɨɬɞɟɥɶɧɵɟ «ɫɬɨɥɛɵ» ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɫɬɪɨɢɬɟɥɶɧɵɦɢ 
ɦɟɠɫɬɨɥɛɱɚɬɵɦɢ ɲɜɚɦɢ, ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɨɫɢ ɩɥɨɬɢɧɵ. Ʉɚɠɞɵɣ ɫɬɨɥɛ 
ɪɚɡɛɢɜɚɟɬɫɹ ɩɨ ɜɵɫɨɬɟ ɧɚ ɨɬɞɟɥɶɧɵɟ ɛɥɨɤɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɫɬɪɨɢɬɟɥɶɧɵɦɢ 
ɲɜɚɦɢ. 
Ɋɚɡɪɟɡɤɚ ɫɬɨɥɛɱɚɬɵɦɢ ɛɥɨɤɚɦɢ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɱɶ ɛɨɥɶɲɟɣ ɫɤɨɪɨɫɬɢ 
ɜɨɡɜɟɞɟɧɢɹ ɩɥɨɬɢɧɵ ɩɨ ɜɵɫɨɬɟ 8-10 ɦ ɢ ɛɨɥɟɟ ɜ ɦɟɫɹɰ. ɉɨɦɢɦɨ ɛɨɥɟɟ ɜɵɫɨ-
ɤɢɯ ɬɟɦɩɨɜ ɤɥɚɞɤɢ ɩɪɢ ɷɬɨɦ ɫɩɨɫɨɛɟ ɪɚɡɪɟɡɤɢ ɩɨɥɭɱɚɟɬɫɹ ɛɨɥɶɲɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɛɥɨɤɨɜ ɢ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɟ ɭɞɚɥɟɧɢɟ ɬɟɩɥɚ 
ɷɤɡɨɬɟɪɦɢɢ, ɱɟɦ ɩɪɢ ɫɩɨɫɨɛɟ ɜɩɟɪɟɜɹɡɤɭ, ɚ ɬɚɤɠɟ ɦɟɧɶɲɟɟ ɜɡɚɢɦɧɨɟ ɜɥɢɹɧɢɟ 
ɫɦɟɠɧɵɯ ɛɥɨɤɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɪɚɡɪɟɡɤɚ ɫɬɨɥɛɱɚɬɵɦɢ ɛɥɨɤɚɦɢ ɩɨɡɜɨɥɹɟɬ 
ɩɪɢɧɢɦɚɬɶ ɱɚɫɬɢɱɧɵɣ ɧɚɩɨɪ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɚ ɧɟɡɚɤɨɧɱɟɧɧɭɸ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ ɩɥɨɬɢɧɭ. ȼ ɞɚɧɧɨɦ ɫɩɨɫɨɛɟ ɪɚɡɪɟɡɤɢ ɧɟɨɛɯɨɞɢɦɚ 
ɩɨɫɥɟɞɭɸɳɚɹ ɰɟɦɟɧɬɚɰɢɹ ɩɪɨɞɨɥɶɧɵɯ ɲɜɨɜ; ɞɥɹ ɷɬɨɝɨ ɢɯ ɞɟɥɚɸɬ ɩɨ ɮɨɪɦɟ ɜ 
ɜɢɞɟ ɲɬɪɚɛ ɢ ɫɧɚɛɠɚɸɬ ɬɪɭɛɚɦɢ ɫ ɤɥɚɩɚɧɚɦɢ – ɜɵɩɭɫɤɚɦɢ. 
 
 4.5 Ȼɵɤɢ 
 
Ȼɵɤɢ ɪɚɡɛɢɜɚɸɬ ɜɟɫɶ ɜɨɞɨɫɥɢɜɧɨɣ ɮɪɨɧɬ ɧɚ ɨɬɞɟɥɶɧɵɟ ɜɨɞɨɫɥɢɜɧɵɟ 
ɨɬɜɟɪɫɬɢɹ. Ɍɨɥɳɢɧɭ ɢ ɞɥɢɧɭ ɛɵɤɨɜ ɧɚɡɧɚɱɚɸɬ ɢɡ ɭɫɥɨɜɢɣ: 
-ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɧɢɯ ɩɨɞɴɟɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɦɨɫɬɨɜ; 
-ɭɫɬɪɨɣɫɬɜɚ ɩɚɡɨɜ ɞɥɹ ɨɩɨɪɧɵɯ ɱɚɫɬɟɣ ɡɚɬɜɨɪɨɜ; 
-ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ. 
Ɉɱɟɪɬɚɧɢɟ ɛɵɤɨɜ ɜ ɩɥɚɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɩɥɚɜɧɵɦ, ɱɬɨɛɵ ɤɨɷɮɮɢɰɢɟɧɬ 
ɪɚɫɯɨɞɚ ɨɬɜɟɪɫɬɢɣ ɛɵɥ ɜɨɡɦɨɠɧɨ ɛɨɥɶɲɟ, ɢ ɱɬɨɛɵ ɜ ɜɨɞɨɫɥɢɜɧɨɦ ɨɬɜɟɪɫɬɢɢ 
ɧɟ ɡɚɞɟɪɠɢɜɚɥɢɫɶ ɩɥɚɜɚɸɳɢɟ ɬɟɥɚ. 
ȼ ɛɵɤɚɯ ɭɫɬɪɚɢɜɚɸɬ ɩɚɡɵ ɞɥɹ ɪɟɦɨɧɬɧɵɯ ɢ ɚɜɚɪɢɣɧɵɯ ɡɚɬɜɨɪɨɜ, ɩɨɞ 
ɡɚɳɢɬɨɣ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɸɬ ɪɟɦɨɧɬɧɵɟ ɪɚɛɨɬɵ ɡɚɬɜɨɪɨɜ ɢ ɡɚɤɥɚɞɧɵɯ 
ɱɚɫɬɟɣ. 
ɒɢɪɢɧɚ ɩɚɡɚ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ: 
 ݊ = ݉ʹ = ʹʹ = ͳ ˏ,                                                                                             ሺͶ.͹Ͷሻ 
 ݉ = (ͳ͹ ÷ ͳͳͲ) ∙ ܾ = ͳ͸ ∙ ͳʹ = ʹ ˏ,                                                                ሺͶ.͹ͷሻ 
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ɝɞɟ  b- ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɜ ɫɜɟɬɭ 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɥɳɢɧɵ ɛɵɤɚ, ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɪɟɤɨɦɟɧɞɚɰɢɟɣ Ⱥ.Ɋ. 
Ȼɟɪɟɡɢɧɫɤɨɝɨ. ɉɪɢ ɲɢɪɢɧɟ ɩɪɨɥёɬɚ b=12 ɦ, ɩɪɢɧɢɦɚɟɦ ɲɢɪɢɧɭ ɧɟɪɚɡɪɟɡɧɨɝɨ 
ɛɵɤɚ ɪɚɜɧɨɣ 0,19b, ɬ. ɟ ɲɢɪɢɧɚ ɛɵɤɚ ɛɭɞɟɬ ɪɚɜɧɚ: 
 ݀ = Ͳ,ʹ͵ ∙ ܾ = Ͳ,ʹ͵ ∗ ͳʹ = ʹ,͹Ͷ ˏ ,                                                             ሺͶ.͹͸ሻ 
 
C ɭɱɟɬɨɦ ɬɨɝɨ ɱɬɨ ɩɨ ɛɵɤɭ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɡɪɟɡɤɚ, ɟɝɨ ɬɨɥɳɢɧɭ 
ɭɜɟɥɢɱɢɜɚɸɬ ɧɚ 0,5-1,0 ɦ ɞɨ ɡɧɚɱɟɧɢɹ: 
 ߜʐ = ʹ,͹Ͷ + Ͳ,͹͸ = ͵,ͷ ˏ.                                                                              ሺͶ.͹͹ሻ 
 
Ɉɬɦɟɬɤɚ ɜɟɪɯɚ ɛɵɤɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʒʐ = ∇ʒʑ + ͳ,͸H˔˕ = ͺʹͻ + ͳ,͸ ∙ ͳͲ = ͺͶͷ.ͲͲ ˏ.                               ሺͶ.͹ͺሻ 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɧɚɡɧɚɱɚɟɦ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ 845.00ɦ 
 
4.7 Ⱦɪɟɧɚɠ ɬɟɥɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ 
 
ȼɞɨɥɶ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧ ɫɥɟɞɭɟɬ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɭɫɬɪɨɣɫɬɜɨ 
ɞɪɟɧɚɠɚ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɤɜɚɠɢɧ. 
ȼɟɪɬɢɤɚɥɶɧɵɣ ɞɪɟɧɚɠ ɭɫɬɪɚɢɜɚɟɬɫɹ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ, 
ɢɦɟɸɳɢɯ ɜɵɯɨɞ ɜ ɩɪɨɞɨɥɶɧɵɟ ɝɚɥɟɪɟɢ. Ⱦɢɚɦɟɬɪ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɞɪɟɧɚɠɚ 
ɩɪɢɧɢɦɚɟɦ 30 ɫɦ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɞɪɟɧ 2 ɦ. 
Ⱦɪɟɧɚɠɧɵɟ ɫɤɜɚɠɢɧɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɡɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɨɣ (ɜ 
ɫɬɨɪɨɧɭ ɧɢɠɧɟɝɨ ɛɶɟɮɚ) ɜɨɡɦɨɠɧɨ ɛɥɢɠɟ ɤ ɧɟɣ, ɧɨ ɬɚɤ, ɱɬɨɛɵ ɧɟ ɧɚɪɭɲɢɬɶ 
ɡɚɰɟɦɟɧɬɢɪɨɜɚɧɧɭɸ ɡɨɧɭ ɨɫɧɨɜɚɧɢɹ. Ɍ.ɤ. ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɫɤɜɚɠɢɧɚɦɢ 
ɰɟɦɟɧɬɚɰɢɢ ɜ ɪɹɞɭ (ɲɚɝ ɫɤɜɚɠɢɧ) ɩɪɢɧɹɬɵ 2ɦ, ɬɨ ɞɪɟɧɚɠɧɵɟ ɫɤɜɚɠɢɧɵ 
ɫɥɟɞɭɟɬ ɪɚɫɩɨɥɚɝɚɬɶ ɨɬ ɩɟɪɜɨɝɨ ɪɹɞɚ ɡɚɜɟɫɵ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 15 ɦ. Ⱦɪɟɧɚɠɧɵɟ 
ɫɤɜɚɠɢɧɵ ɛɭɞɭɬ ɜɵɩɨɥɧɟɧɵ ɢɡ ɨɬɞɟɥɶɧɨɣ ɝɚɥɟɪɟɢ, ɨɬɤɭɞɚ ɜɨɞɚ ɨɬɜɨɞɢɬɫɹ ɜ 
ɧɢɠɧɢɣ ɛɶɟɮ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɛɥɟɝɱɢɬɫɹ ɷɤɫɩɥɭɚɬɚɰɢɹ ɞɪɟɧɚɠɚ: 
ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɟɝɨ ɪɚɛɨɬɵ, ɨɱɢɫɬɤɚ ɫɤɜɚɠɢɧ ɢ ɞɪ. 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ, ɚ ɬɚɤɠɟ ɞɨ ɜɟɪɯɨɜɨɣ 
ɝɪɚɧɢ ɩɪɨɞɨɥɶɧɨɣ ɝɚɥɟɪɟɢ ɞɨɥɠɧɨ ɧɚɡɧɚɱɚɬɶɫɹ ɧɟ ɦɟɧɟɟ 2 ɦ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ 
ɭɫɥɨɜɢɹ: 
 ߙௗ௥ ൒ ܪௗߛ௡ܬ௖௥௠ = ͷͶ,Ͷ ∙ ͳ,ͳͷʹͷ = ʹ,ͷ ˏ ,                                                             ሺͶ.͹ͻሻ 
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ɝɞɟ  ߙௗ௥-ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ; ܪௗ-ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ; ߛ௡-ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ; ܬ௖௥௠-ɫɪɟɞɧɢɣ ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ (ɞɥɹ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɩɥɨɬɢɧ ܬ௖௥௠=25) 
 
4.8 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧ 
 
ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɝɚɥɟɪɟɢ ɧɚ 
ɨɬɦɟɬɤɟ 784.00, 800.00, 821.00 ɦ. ɉɨ ɜɵɫɨɬɟ ɩɥɨɬɢɧɵ ɝɚɥɟɪɟɢ ɪɚɫɩɨɥɚɝɚɟɦ 
ɱɟɪɟɡ 20ɦ. Ɋɚɡɦɟɪɵ ɝɚɥɟɪɟɣ, ɭɫɬɪɚɢɜɚɟɦɵɯ ɞɥɹ ɰɟɦɟɧɬɚɰɢɢ ɨɫɧɨɜɚɧɢɹ ɢ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɲɜɨɜ ɩɥɨɬɢɧɵ, ɫɨɡɞɚɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 
ɞɪɟɧɚɠɚ, ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɦɢɧɢɦɚɥɶɧɵɦɢ, ɧɨ ɩɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ 
ɩɪɨɜɨɡ ɢ ɪɚɛɨɬɭ ɛɭɪɨɜɨɝɨ, ɰɟɦɟɧɬɚɰɢɨɧɧɨɝɨ ɢ ɞɪɭɝɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɉɞɧɭ 
ɢɡ ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ ɫɥɟɞɭɟɬ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ 
ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɞɥɹ ɫɚɦɨɬɟɱɧɨɝɨ ɨɬɜɨɞɚ ɜɨɞɵ. 
Ƚɚɥɟɪɟɢ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɟ ɞɥɹ ɫɛɨɪɚ ɢ ɨɬɜɨɞɚ ɜɨɞɵ, ɤɨɧɬɪɨɥɹ 
ɫɨɫɬɨɹɧɢɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ ɢ ɭɩɥɨɬɧɟɧɢɹ ɲɜɨɜ, ɪɚɡɦɟɳɟɧɢɹ ɄɂȺ ɢ 
ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɤɨɦɦɭɧɢɤɚɰɢɣ ɧɚɡɧɚɱɚɟɦ ɲɢɪɢɧɨɣ 2 ɦ, ɜɵɫɨɬɨɣ 2,5 ɦ. 
 
4.9 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ 
ɩɥɨɬɢɧɵ 
 
4.9.1 ɐɟɦɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ ɢ ɞɪɟɧɚɠ 
 
Ɍ.ɤ. ɨɫɧɨɜɚɧɢɟ ɫɥɨɠɟɧɨ ɫɤɚɥɶɧɵɦɢ ɝɪɭɧɬɚɦɢ ɡɚɛɢɜɤɚ ɲɩɭɧɬɚ 
ɧɟɜɨɡɦɨɠɧɚ, ɩɨɷɬɨɦɭ ɫɥɟɞɭɟɬ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɬɚɤɨɟ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɟ 
ɭɫɬɪɨɣɫɬɜɨ ɤɚɤ ɰɟɦɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ. Ɂɚɜɟɫɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɭɬɟɦ ɛɭɪɟɧɢɹ 
ɫɤɜɚɠɢɧ ɧɚ ɝɥɭɛɢɧɭ ɡɚɜɟɫɵ, ɤɨɬɨɪɚɹ ɡɚɩɨɥɧɹɟɬɫɹ ɦɚɬɟɪɢɚɥɨɦ ɩɨɞ ɞɚɜɥɟɧɢɟɦ. 
Ɍɨɥɳɢɧɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɡ : 
 ߜˊ ൒ ∆ʜˊ ∙ ߛ௡ͳͷ = ͵͹,ͷʹ ∙ ͳ,ͳͷͳͷ = ʹ,Ͷ͹ˏ,                                                        ሺͶ.ͺͲሻ 
 
ɝɞɟ ɡH - ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ; ɩ - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ [3]; m,crJ - ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɧɚ 
ɡɚɜɟɫɟ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɹ [1]: ɞɥɹ 
ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɨɜ - 15.  
 
ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ: 
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 ∆Hˊ = H୫a୶ − Has = ͷ͵,͸ − ͳ͸,Ͳͺ = ͵͹,ͷʹ ˏ,                                       ሺͶ.ͺͳሻ 
 
ɝɞɟ  H୫a୶-ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ ɧɚ ɫɨɨɪɭɠɟɧɢɢ; Has-ɧɚɩɨɪ ɧɚ ɡɚɜɟɫɟ; 
 H୫a୶ = ∇ʜʞʢ − ∇ʜʐ˔˃ː = ͺ͵ͻ − ͹ͺͷ,Ͷ = ͷ͵,͸ˏ.                                 ሺͶ.ͺʹሻ 
 Has = Ͳ,͵H୫a୶ = Ͳ,͵ ∙ ͷ͵,͸ = ͳ͸,Ͳͺ.                                                          ሺͶ.ͺ͵ሻ 
 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ 
ɧɚɡɧɚɱɚɸɬ ɜ ɩɪɟɞɟɥɚɯ: 
 
ɦВl nɥ 25,36,40*08,0)1,005,0(ɡ ===
.                                         ሺͶ.ͺͶሻ 
ɝɞɟ  B˒ˎ - ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
 
Ƚɥɭɛɢɧɭ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɨɣ: 
 ( ) ɦHh 8,266,53*5,08,05,0
maxɡɚɜ ===
.                                        ሺͶ.ͺͷሻ 
 
ȼ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɚɯ ɞɪɟɧɚɠ ɜɵɩɨɥɧɹɸɬ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɢɥɢ 
ɧɚɤɥɨɧɧɵɯ ɫɤɜɚɠɢɧ ɞɢɚɦɟɬɪɨɦ 100÷300 ɦɦ ɫ ɲɚɝɨɦ 2÷3 ɦ, ɢɦɟɸɳɢɯ ɜɵɯɨɞ 
ɜ ɞɪɟɧɚɠɧɭɸ ɝɚɥɟɪɟɸ ɧɚ ɨɬɦɟɬɤɟ 784,00 ɦ. Ɉɬɦɟɬɤɚ ɡɚɛɨɹ ɞɪɟɧɚɠɧɵɯ 
ɫɤɜɚɠɢɧ 770,00 ɦ. Ɉɫɶ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɪɚɫɩɨɥɨɠɟɧɚ ɪɚɫɫɬɨɹɧɢɢ 5 ɦ ɨɬ 
ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ 
 
4.10 Ɏɢɥɶɬɪɚɰɢɨɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ 
 
4.10.1 ɉɨɫɬɪɨɟɧɢɟ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 
 
Ɋɚɫɱɟɬ ɮɢɥɶɬɪɚɰɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɋɇɢɉ 2.06.06.-85. 
ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ 
ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.3 ɢ 4.4. 
ɉɥɨɳɚɞɶ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɩɥɟɱɨ ɞɟɣɫɬɜɢɹ 
ɫɢɥɵ ɨɩɪɟɞɟɥɹɟɦ ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɬɟɣɲɢɯ ɮɢɝɭɪ. 
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 Ɋɢɫɭɧɨɤ 4.3 ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ 
 ܵˠ˒ = ʹʹ͸,͹ ˏଶ; 
 ˘ = ͸,ͻ͹ ˏ. 
 
Ɏɢɥɶɬɪɚɰɢɨɧɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɟɟ ɧɚ ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ ɩɪɢ 
ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ: 
 ˗ܹ = ߩ௪gܵˠ˒ = ͳ ∙ ͻ,ͺͳ ∙ ʹʹ͸,͹ = ʹʹʹ͵,ͻ ˍʜ ˏ⁄ ,                                  ሺͶ.ͺ͸ሻ 
 ܵˠ˒′ = ͻͷͷ ˏଶ; 
 ˘′ = ͸,ͻ͹ ˏ. 
 
Ɏɢɥɶɬɪɚɰɢɨɧɧɨɟ ɞɚɜɥɟɧɢɟ ɩɪɢ ɨɫɨɛɨɦ ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ: 
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 Ɋɢɫɭɧɨɤ 4.4 ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ 
 ܵˠ˒′ = ͳͺ͹,Ͳͻ ˏଶ; 
 ˘′ = ͸,ͻ͹ ˏ. 
 
Ɏɢɥɶɬɪɚɰɢɨɧɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɟɟ ɧɚ ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ ɩɪɢ 
ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ: 
 ˗ܹ′ = ߩ௪gܵˠ˒′ = ͳ ∙ ͻ,ͺͳ ∙ ͳͺ͹,Ͳͻ = ͳͺ͵ͷ,Ͷ ˍʜ ˏ,⁄                                ሺͶ.ͺ͹ሻ 
 
4.11 Ɉɛɨɫɧɨɜɚɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
 
4.11.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ 
 
Ɋɚɫɱɟɬɵ ɧɚ ɨɛɳɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ I ɝɪɭɩɩɟ 
ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ – ɩɨɬɟɪɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɩɨɥɧɚɹ 
ɧɟɩɪɢɝɨɞɧɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ, ɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɨɫɧɨɜɚɧɢɣ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
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Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 
ɜɵɩɨɥɧɹɸɬɫɹ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ. 
ɉɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɥɨɬɢɧɵ ɢ ɛɵɤɚ, ɚ ɬɚɤɠɟ ɷɩɸɪ 
ɞɚɜɥɟɧɢɹ, ɬɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ, ɢ ɢɯ ɩɥɟɱɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɩɪɨɝɪɚɦɦɟ 
AutoCAD. 
 
4.11.2 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ ɢ ɡɚɬɜɨɪɨɜ 
 
ȼɟɫ ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ: 
 ܩ˒ˎ = ܵ˒ˎ ∙ ܾ ∙ ݃ ∙ ߩ˄ܾ + ߜʐ  ,                                                                                       ሺͶ.ͺͺሻ 
 
ɝɞɟ   ܵ˒ˎ- ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɥɨɬɢɧɵ; ܾ- ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ; ߩ˄-ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ; ߜʐ-ɬɨɥɳɢɧɚ ɛɵɤɚ. 
 ܵ˒ˎ = ͳʹ͸͸ ˏଶ; 
 ݔ = ͸,ʹͶ ˏ ; 
 ܩ˒ˎ = ͳʹ͸͸ ∙ ͳʹ ∙ ͻ,ͺͳ ∙ ʹ,Ͷͳʹ + ͵,ͷ = ʹ͵Ͳ͹Ͳ ˍʜ ˏ⁄  . 
 
ȼɟɫ ɛɵɤɚ ɢ ɟɝɨ ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɨɩɪɟɞɟɥɹɟɦ ɚɧɚɥɨɝɢɱɧɨ: 
 ܩ˄ = ܵ˄ ∙ ܾ ∙ ݃ ∙ ߩ˄ܾ + ߜʐ  ,                                                                                           ሺͶ.ͺͻሻ 
  
 ܵ˄ = ͳͺʹʹ ˏଶ; 
 ݕ = ͹,ͺͻ ˏ ; 
 ܩ˄ = ͳͺʹʹ ∙ ͵,ͷ ∙ ͻ,ͺͳ ∙ ʹ,Ͷͳʹ + ͵,ͷ = ͻ͸ͺ͸,ͷ ˍʜ ˏ⁄   .                                          
 
ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ɋ.Ȼɟɪɟɡɢɧɫɤɨɝɨ: 
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ܳˊ ≈ Ͳ,Ͳͷͷ ∙ ݂ ∙ √݂ ∙ ݃, [ˍʜ],                                                                          ሺͶ.ͻͲሻ 
 
ɝɞɟ    ݂- ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ; 
 ݂ = ሺ∇ʣʞʢ − ∇ʒʑ + Ͳ,ͷሻ ∙ ܾ,                                                                        ሺͶ.ͻͳሻ 
 
ɝɞɟ    ܾ- ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ; 
 ݂ = ሺͺͶͳ,ͶͲ − ͺʹͻ + Ͳ,ͷሻ ∙ ͳʹ = ͳͷͶ,ͺ ˏଶ ;                                             
 ܳˊ ≈ Ͳ,Ͳͷͷ ∙ ͳͷͶ,ͺ ∙ √ͳͷͶ,ͺ ∙ ͻ,ͺͳ = ͳͲ͵ͻ,ͳ  ˍʜ.                                    
 
ȼɟɫ ɡɚɬɜɨɪɚ ɩɪɢɜɨɞɢɦ ɤ 1 ɩ.ɦ. ɞɥɢɧɵ ɫɟɤɰɢɢ: 
 ݍˊ = ܳˊܾ + ߜʐ = ͳͲ͵ͻ,ͳͳʹ + ͵,ͷ = ͸͹  ˍʜ ˏ⁄ .                                                         ሺͶ.ͻʹሻ 
 
4.11.3 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 
 
ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 
ɝɢɞɪɚɜɥɢɤɢ. ɗɩɸɪɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɟɪɯɨɜɭɸ ɢ ɧɢɡɨɜɭɸ 
ɝɪɚɧɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɩɪɢɧɹɬɵ ɩɨ ɬɪɟɭɝɨɥɶɧɢɤɭ. 
Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ: 
-ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ: 
 
ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ 
 ܶ˅ = ߩ௪gℎଵଶʹ = ͳ ∙ ͻ,ͺͳ ∙ ሺͺ͵ͻ − ͹ͺͳሻଶʹ = ͳ͸ͷͲͲ,Ͷʹ ˍʜ ˏ⁄ ,                 ሺͶ.ͻ͵ሻ 
 
ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ 
 ܶ˅′ = ߩ௪gℎଵ′మʹ = ͳ ∙ ͻ,ͺͳ ∙ ሺͺͶͳ,Ͷ − ͹ͺͳሻଶʹ = ͳ͹ͺͻͶ,ʹ ˍʜ ˏ⁄ .                ሺͶ.ͻͶሻ 
 
-ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 
ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ 
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ܶː = ߩ௪gℎଶଶʹ = ͳ ∙ ͻ,ͺͳ ∙ ሺ͹ͺͷ,Ͷ − ͹ͺͳሻଶʹ = ͻͷ ˍʜ ˏ.⁄                             ሺͶ.ͻͷሻ 
 
ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ 
 ܶː′ = ߩ௪gℎଶ′మʹ = ͳ ∙ ͻ,ͺͳ ∙ ሺ͹ͻ͹ − ͹ͺͳሻଶʹ = ͳʹͷͷ,͸ͺ ˍʜ ˏ⁄ .                 ሺͶ.ͻ͸ሻ 
 
4.11.4 ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ 
 
ɗɩɸɪɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɜɢɞɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɫ 
ɜɵɫɨɬɨɣ ɨɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɨ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ɩɪɢ 
ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ ɢ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɨ 
ɩɨɞɨɲɜɵ ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ. 
 
 Ɋɢɫɭɧɨɤ 4.5 ɗɩɸɪɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ. 
 
 Ɋɢɫɭɧɨɤ 4.6 ɗɩɸɪɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɨɫɨɛɨɦ ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ. 
 
ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ: 
 
ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ 
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 ܹ˅ ˊ˅ = ߩ௪gܵˠ˒ = ͳ ∙ ͻ,ͺͳ ∙ ʹͲͶ,ʹ = ʹͲͲʹ,ͺ ˍʜ ˏ,⁄                                  ሺͶ.ͻ͹ሻ 
 
ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ 
 ܹ˅ ˊ˅′ = ߩ௪gܵˠ˒′ = ͳ ∙ ͻ,ͺͳ ∙ ͹Ͷʹ,Ͷ = ͹ʹͺʹ,ͻ ˍʜ ˏ⁄  ,                                ሺͶ.ͻͺሻ 
 
4.11.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
 
ɍɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ: 
 ˓ː = ːߛ ˃ː˅ˊ˅ ∙ ℎː ∙ ݐ݃ଶ ∙ ቀͶͷ − 𝜑ːʹቁ = = ͳʹ,ͷ ∙ ͵ ∙ ݐ݃ଶ ∙ (Ͷͷ − ʹͲʹ) = ͳͺ,Ͷ ˍ ʜ ˏଶ,                                             ሺͶ.ͻͻሻ⁄  
 
ɝɞɟ   ݐ݃𝜑ː = Ͳ,͵͸ − ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ; 
 ℎː − ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ. 
 ℎː = ͵ ˏ. 
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ 1 ɩ.ɦ: 
 ܧː = ሺ˓ːℎːሻʹ = ሺͳͺ,Ͷ ∙ ͵ሻ ʹ = ʹ͹,͸ ˍʜ,⁄                                                   ሺͶ.ͳͲͲሻ 
 
ɉɥɟɱɨ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ: 
 ˘′ = Ͷ ˏ 
 
4.11.6 ȼɨɥɧɨɜɨɟ ɞɚɜɥɟɧɢɟ 
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɨɫɧɨɜɧɨɦ ɢ ɨɫɨɛɨɦ 
ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.ɉ. 
Ɇɨɠɟɜɢɬɢɧɨɜɚ [6]. 
 ܹ˅ ˑˎː = Ͳ,ͷߛ௪ℎଵ% ቀ?̅?గ + ℎబଶ ቁ.                                                                 (4.101) 
 
ɝɞɟ   ˅ߛ  - ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ, ˅ߛ = ͳͲ ˍʜ/ˏଷ; 
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Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɥɭɱɚɟ: 
 ܹ˅ ˑˎː = Ͳ,ͷ ∙ ߩ௪ ∙ g ∙ ℎଵ% ∙ ቆ?̅?ߨ + ℎ଴ʹቇ = 
 = Ͳ,ͷ ∙ ͳ ∙ ͻ,ͺͳ ∙ Ͳ,ͺͶ ∙ (ͻ,͹͸͵,ͳͶ + Ͳ,ͳͻʹ ) = ͳʹ,ͳͻˍʜ,                                ሺͶ.ͳͲʹሻ 
 ℎ଴ = ߨ ∙ ℎଵ%ଶ?̅? = ͵,ͳͶ ∙ Ͳ,ͺͶͻ,͹͸ = Ͳ,ͳͻ ˏ                                                         ሺͶ.ͳͲ͵ሻ 
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ ɫɥɭɱɚɟ: ܹ′˅ˑˎː = Ͳ,ͷ ∙ ߩ௪ ∙ g ∙ ℎଵ% ቆ?̅?ߨ + ℎ଴ʹቇ = 
 = Ͳ,ͷ ∙ ͳ ∙ ͻ,ͺͳ ∙ Ͳ,ͺͶ ∙ (ͳͳ,ͳͶ͵,ͳͶ + Ͳ,ʹͶʹ ) = ͳ͸,ͷͷ ˍʜ,                             ሺͶ.ͳͲͶሻ 
 ℎ଴ = ߨ ∙ ℎଵ%ଶ?̅? = ͵,ͳͶ ∙ Ͳ,ͺͶଶͳͳ,ͳͶ = Ͳ,ʹ͵ ˏ.                                                      ሺͶ.ͳͲͷሻ 
 
ɉɥɟɱɨ ɫɢɥɵ ܹ˅ ˑˎː ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɪɨɜɧɹ ɩɨɤɨɹ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ: 
 
ɩɪɢ ɇɉɍ: 
 ˖˔ = ?ʹ̅?ߨ − ͵ͺ ℎଵ% = ͻ,͹͸ʹ ∙ ͵,ͳͶ − ͵ͺ ∙ Ͳ,ͺͶ = ͳ,ʹͶ ˏ,                                   ሺͶ.ͳͲ͸ሻ 
 
ɩɪɢ Ɏɉɍ: 
 ˖˔ = ?ʹ̅?ߨ − ͵ͺ ℎଵ% = ͳͳ,ͳͶʹ ∙ ͵,ͳͶ − ͵ͺ ∙ Ͳ,ͺͶ = ͳ,Ͷ͸ ˏ ,                                  ሺͶ.ͳͲ͹ሻ 
 
ɉɥɟɱɨ ɫɢɥɵ ܹ˅ ˑˎː ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ: 
 
ɩɪɢ ɇɉɍ: 
 ݔ˔ = ͺ͵ͻ − ͹ͺͳ − ͳ.ʹ͸ = ͷ͸.͹Ͷ ˏ ,                                                    (4.108) 
 
ɩɪɢ Ɏɉɍ: 
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 ݔ˔ = ͺͶͳ,Ͷ − ͹ͺͳ − ͳ.Ͷ͵ = ͷͺ,ͻ͹ ˏ ,                                                 (4.109) 
 
4.12 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 
Ɋɚɫɱɟɬ ɩɥɨɬɢɧɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɫɨɤɪɚɳёɧɧɵɣ ɫɨɫɬɚɜ ɧɚɝɪɭɡɨɤ. 
ȼ ɪɚɫɱɟɬɟ ɩɪɢɧɢɦɚɸɬɫɹ ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɤɚɤ ɝɨɫɩɨɞɫɬɜɭɸɳɢɟ 
ɫɨ ɡɧɚɤɨɦ «-», ɚ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɫɨ ɡɧɚɤɨɦ «+». 
ȼɫɟ ɧɚɝɪɭɡɤɢ, ɩɨɞɫɱɢɬɚɧɧɵɟ ɪɚɧɟɟ, ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 4.4 ɫ ɭɱɟɬɨɦ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ [1]. 
Ⱦɥɹ ɤɚɠɞɨɣ ɫɢɥɵ ɭɤɚɡɵɜɚɟɬɫɹ ɧɚɩɪɚɜɥɟɧɢɟ ɞɟɣɫɬɜɢɹ ɫɢɥɵ ɢ ɩɥɟɱɨ 
ɫɢɥɵ (ɟɫɥɢ ɦɨɦɟɧɬ ɫɢɥɵ ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ, ɬɨ ɡɧɚɤ «ɩɥɸɫ», ɟɫɥɢ ɩɪɨɬɢɜ – 
«ɦɢɧɭɫ»).  
 
Ɍɚɛɥɢɰɚ 4.4 – ɇɚɝɪɭɡɤɢ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɥɨɬɢɧɭ 
№ 
ɫɢɥɵ 
Ɉɛɨɡɧɚɱɟ-
ɧɢɟ 
ɫɢɥɵ 
γf ɇɚɩɪɚɜɥɟ-ɧɢɟ ɫɢɥɵ Ɉɫɧɨɜɧɨɣ ɫɥɭɱɚɣ ɉɨɜɟɪɨɱɧɵɣ ɫɥɭɱɚɣ ɋɢɥɚ, ɤɇ ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ, ˍʜ ∙ ˏ ɋɢɥɚ, ɤɇ ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ, ˍʜ ∙ ˏ 
1 T˅  1 ՜ 16500,4 19,3 + 271389 17870,5 20,1 + 308405 
2 Tː  1 ՚ 95 1,5 - 44,65 176 5,3 - 598,4 
3 G˄ 0,95 ՝ 9202,2 7,89 - 33055 9202,2 7,89 - 33055 
4 G˒ˎ 0,95 ՝ 21916,5 6,24 - 136759 21916,5 6,24 - 136759 
5 W˅ˊ˅ 1 ՛ 2002,8 0,00 0 5917,4 0,00 0 
6 W˗ 1 ՛ 2223,9 6,97 + 66831,2 1835,4 6,97 + 34744,1 
7 Eː 1,2 ՜ 27,58 4 + 33,0 27,58 4 + 33,0 
8 W˅ˑˎː 1 ՜ 12,19 56,74 + 15,36 16,55 58,97 + 23,66 
9 Qଷ 1,2 ՝ 67 20,26 - 1621,6 67 20,26 - 1621,6 
 
ȼɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɧɚɩɪɹɠɟɧɢɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɟɱɟɧɢɹɯ ɩɥɨɬɢɧɵ. 
Ɉɫɧɨɜɧɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ 
 
-ɞɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 N = ܩ˒ˎ + ܩ˄ + ܳଷ − ܹ˅ ˊ˅ − ˗ܹ;                                                               ሺͶ.ͳͳͲሻ 
 N = ʹͳͻͳ͸,ͷ + ͻʹͲʹ,ͳͺ + ͸͹ − ʹͲͲʹ,ͺ − ʹʹʹ͵.ͻ = ʹ͸ͻͷͻ ˍʜ, 
 ∑M = Mሺܩ˒ˎ + ܩ˄+ܳଷሻ + Mሺܶː ሻ + +Mሺܶ˅ ሻ + M( ˗ܹ) + Mሺܧːሻ + Mሺܹ˅ ˑˎːሻ = −ʹͳͷͳͳͳ − ͶͶ,͸ͷ + +ʹ͹ͳ͵ͺͻ + ͸͸ͺ͵ͳ + ͵͵ + ͳͷ = ͳʹ͵ͳͷ͹.                                              ሺͶ.ͳͳͳሻ 
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ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௨˖ = − ?ܾ?ௗ + ͸∑ʛܾௗଶ = − ʹͲ͹͸ͺ Ͷ͸,Ͷ + ͸ ∙ ͳʹ͵ͳͷ͹Ͷ͸,Ͷଶ = −ͳͲͶ,͵ ˍʞ˃,        ሺͶ.ͳͳ͵ሻ 
 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௫௨ = 𝜎௬௨݉௨ଶ − ߛ௪ܪௗ௨ሺͳ − ݉௨ଶሻ = −ͳͲͶ,͵ ∙ Ͳଶ − ͻ.ͺͳ ∙ ͷͺ ∙ ͳ = 
 = −ͷͺͲ ˍʞ˃ ,                                                                                                  ሺͶ.ͳͳͶሻ 
 
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 𝜏௫௬௨ = (ߛ௪ܪௗ௨ + 𝜎௬௨)݉௨ = ሺͻ.ͺͳ ∙ ͷͷ − ͳͲͶ,͵ሻ ∙ Ͳ = Ͳ ˍʞ˃,              ሺͶ.ͳͳͷሻ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ଵ௨ = 𝜎௬௨ሺͳ + ݉௨ଶሻ + ߛ௪ܪௗ௨݉௨ଶ = −ͳͲͶ,͵ ∙ ሺͳ + Ͳଶሻ + ͻ.ͺͳ ∙ ͷͷ ∙ Ͳଶ = = −ͳͲͶ,͵ ˍʞ˃ ,                                                                                               ሺͶ.ͳͳ͸ሻ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ଷ௨ = −ߛ௪ʜௗ௨ = −ͻ.ͺͳ ∙ ͷͺ = −ͷͺͲ,Ͳ ˍʞ˃,                                            ሺͶ.ͳͳ͹ሻ 
 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɥɨɳɚɞɤɚɯ ɤɨɧɬɚɤɬɧɨɝɨ ɫɟɱɟɧɢɹ ɭ 
ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 𝜎௖௨ = ሺͳ + ݉௨ଶሻʹ ∙ ∙ {𝜎௬௨ ∙ [ܿ݋ݏʹሺߙ − ߜሻ + ͳ] + ߛ௪ ∙ ℎ [ܿ݋ݏʹሺߙ − ߜሻ − ଵ−௠𝑢మଵ+௠𝑢మ ]} = = ሺͳ + Ͳሻʹ ∙ ∙ {−ͳͲͶ,͵ ∙ [ܿ݋ݏʹሺͲ − Ͳሻ + ͳ] + ͻ.ͺͳ ∙ ͷͷ ∙ [ܿ݋ݏʹሺͲ − Ͳሻ − ͳ − Ͳͳ + Ͳ]} = −ͳͲͶ,͵ˍʞ˃,                                                                                                 ሺͶ.ͳͳͺሻ     
-ɞɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
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𝜎௬௧ = − ?ܾ?ௗ − ͸∑ʛܾௗଶ = − ʹͲ͹͸ͺ Ͷ͸,Ͷ − ͸ ∙ ͳʹ͵ͳͷ͹Ͷ͸,Ͷଶ = −͹ͻͲ,ͺ ˍʞ˃.           ሺͶ.ͳͳͻሻ 
 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௫௧ = 𝜎௬௧݉௧ଶ − ߛ௪ܪௗ௧ ሺͳ − ݉௧ଶሻ = −͹ͻͲ,ͺ ∙ Ͳ,͹ͺଶ − ͻ,ͺͳ ∙ Ͳ ∙ ሺͳ − Ͳଶሻ = 
 = −Ͷͺͳ,ͳ ˍʞ˃ ,                                                                                               ሺͶ.ͳʹͲሻ 
 
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 𝜏௫௬௧ = −(ߛ௪ܪௗ௧ + 𝜎௬௧)݉௧; 
 𝜏௫௬௧ = −ሺͻ.ͺͳ ∙ Ͳ − ͹ͻͲ,ͺሻ ∙ Ͳ,͹ͺ = ͸ͳ͸,ͺ ˍʞ˃  ,                                   ሺͶ.ͳʹͳሻ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ଷ௧ = 𝜎௬௧ሺͳ + ݉௧ଶሻ + ߛ௪ܪௗ௧ ݉௧ଶ = −͹ͻͲ,ͺ ∙ ሺͳ + Ͳ,͹ͺଶሻ + ͻ.ͺͳ ∙ Ͳ ∙ Ͳ,͹ͺଶ = = −ͳʹ͹ʹ ˍʞ˃   ,                                                                                              ሺͶ.ͳʹʹሻ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ  ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ଵ௧ = −ߛ௪ܪௗ௧ = −ͻ.ͺͳ ∙ Ͷ.Ͷ = −Ͷ͵,ʹ ˍʞ˃,                                              ሺͶ.ͳʹ͵ሻ 
 
Ɉɫɨɛɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ  
-ɞɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 N = ܩ˒ˎ + ܩ˄ + ܳଷ − ܹ˅ ˊ˅ − ˗ܹ                                                                ሺͶ.ͳʹͶሻ 
 N = ʹ͵Ͳ͹Ͳ + ͳͲʹ͵ͳ + ͸͸,͹ − Ͷʹʹʹ − ͻ͵͸ͷ = ͳͻ͹ͺͲ ˍʜ ; 
 ∑M = Mሺܩ˒ˎ + ܩ˄+ܳଷሻ + Mሺܶː ሻ + Mሺܶ˅ ሻ + M( ˗ܹ) + Mሺܧːሻ + Mሺܹ˅ ˑˎːሻ 
 ∑M = −ʹͳͷ͸͸ͷ − ͳ͹͸ + ͵ͲͺͶͲͷ + ͵Ͷ͹ͶͶ + +͵͵ + ʹ͵ = ͳ͹ͳͳ͹ʹ                                                                                     ሺͶ.ͳʹͷሻ 
 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௨˖ = − ?ܾ?ௗ + ͸∑ʛܾௗଶ = − ͳͻ͹ͺͲͶ͸,Ͷ + ͸ ∙ ͳʹ͹ͷͶͳͶ͸,Ͷଶ = −͹Ͳ,ͺ ˍʞ˃;             ሺͶ.ͳʹ͸ሻ 
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ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௫௨ = 𝜎௬௨݉௨ଶ − ߛ௪ܪௗ௨ሺͳ − ݉௨ଶሻ;                                                                   ሺͶ.ͳʹ͹ሻ 
 𝜎௫௨ = −͹Ͳ,ͺ ∙ Ͳଶ − ͻ,ͺͳ ∙ ͷ͹,͵͸ ∙ ͳ = −ͷ͹͵,͸ ˍʞ˃;                                                              
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 𝜏௫௬௨ = (ߛ௪ܪௗ௨ + 𝜎௬௨)݉௨ = ሺͻ,ͺͳ ∙ ͷ͹,͵͸ − ͹Ͳ,ͺሻ ∙ Ͳ = Ͳ;                   ሺͶ.ͳʹͺሻ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ଵ௨ = 𝜎௬௨ሺͳ + ݉௨ଶሻ + ߛ௪ܪௗ௨݉௨ଶ = −͹Ͳ,ͺ ∙ ሺͳ + Ͳଶሻ + ͳͲ ∙ ͷ͹,͵͸ ∙ Ͳ = = −͹Ͳ,ͺ ˍʞ˃;                                                                                                  ሺͶ.ͳʹͻሻ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ଷ௨ = −ߛ௪ʜௗ௨ = −ͻ,ͺͳ ∙ ͷ͹,͵͸ = −ͷ͹͵,͸ˍʞ˃;                                      ሺͶ.ͳ͵Ͳሻ 
 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɥɨɳɚɞɤɚɯ ɤɨɧɬɚɤɬɧɨɝɨ ɫɟɱɟɧɢɹ ɭ 
ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 𝜎௖௨ = ሺͳ + ݉௨ଶሻʹ {𝜎௬௨[ܿ݋ݏʹሺߙ − ߜሻ + ͳ] + ߛ௪ℎ [ܿ݋ݏʹሺߙ − ߜሻ − ͳ − ݉௨ଶͳ + ݉௨ଶ]} = = ሺͳ + Ͳሻʹ ∙ ∙ {−͹Ͳ,ͺ[ܿ݋ݏʹሺͲ − Ͳሻ + ͳ] + ͻ,ͺͳ ∙ ͳͲͺ ∙ [ܿ݋ݏʹሺͲ − Ͳሻ − ͳ − Ͳͳ + Ͳ]} = −͹Ͳ,ͺ ˍʞ˃;                                                                                                  ሺͶ.ͳ͵ͳሻ 
 
ɞɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ 
 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௬௧ = − ?ܾ?ௗ − ͸∑ʛܾௗଶ = − ͳͻ͹ͺͲͶ͸,Ͷ − ͸ ∙ ͳʹ͹ͷͶͳͶ͸,Ͷଶ = −͹ͺͳ,͹ ˍʞ˃;           ሺͶ.ͳ͵ʹሻ 
 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
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𝜎௫௧ = 𝜎௬௧݉௧ଶ − ߛ௪ܪௗ௧ ሺͳ − ݉௧ଶሻ = −͹ͺͳ,͹ ∙ Ͳ,͹ͺଶ − ͻ,ͺͳ ∙ ͳͲ,ʹ ∙ ሺͳ − Ͳଶሻ = = −ͷ͹͹,͸ ˍʞ˃;                                                                                               ሺͶ.ͳ͵͵ሻ 
 
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 𝜏௫௬௧ = −(ߛ௪ܪௗ௧ + 𝜎௬௧)݉௧ = −ሺͻ,ͺͳ ∙ ͳͲ,ʹ − ͹ͺͳ,͹ሻ ∙ Ͳ = Ͳ ˍʞ˃;   ሺͶ.ͳ͵Ͷሻ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ  ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ଷ௧ = 𝜎௬௧ ∙ ሺͳ + ݉௧ଶሻ + ߛ௪ܪௗ௧ ݉௧ଶ; 
 𝜎ଷ௧ = −͹ͺͳ,͹ ∙ ሺͳ + Ͳ,͹ͺଶሻ + ͻ,ͺͳ ∙ ͳͲ,ʹ ∙ Ͳଶ = −ͳͳͻͷ ˍʞ˃             ሺͶ.ͳ͵ͷሻ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ  ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ଵ௧ = −ߛ௪ܪௗ௧ = −ͻ,ͺͳ ∙ ͳͲ,ʹ = −ͳͲʹ ˍʞ˃;                                            ሺͶ.ͳ͵͸ሻ 
 
ɉɨɥɭɱɟɧɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 4.5. 
 
Ɍɚɛɥɢɰɚ 4.5 – ɇɚɩɪɹɠɟɧɢɹ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ ɩɪɢ ɨɫɧɨɜɧɨɦ ɢ ɨɫɨɛɨɦ 
ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ 
ɇɚɩɨɪɧɚɹ ɝɪɚɧɶ ɇɢɡɨɜɚɹ ɝɪɚɧɶ 
Ɉɫɧɨɜɧɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ 
ɇɚɩɪɹɠɟɧɢɟ ɤɉɚ ɇɚɩɪɹɠɟɧɢɟ ɤɉɚ 𝜎௬௨ −ͳͲͶ,͵ 𝜎௬௧ −͹ͻͲ,ͺ 𝜎௫௨ −ͷͷͲ 𝜎௫௧ −Ͷͺͳ,ͳ 𝜏௫௬௨  0 𝜏௫௬௧  ͸ͳ͸,ͺ 𝜎ଵ௨ −ͳͲͶ,͵ 𝜎 ௧ˊ −ͳʹ͹ʹ 𝜎ଷ௨ −ͷͷͲ 𝜎ଵ௧ −Ͷ͵,ʹ 𝜎௖௨ −ͳͲͶ,͵   
Ɉɫɨɛɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ 
ɇɚɩɪɹɠɟɧɢɟ ɤɉɚ ɇɚɩɪɹɠɟɧɢɟ ɤɉɚ 𝜎௬௨ −͹Ͳ,ͺ 𝜎௬௧ −͹ͺͳ,͹  𝜎௫௨ −ͷ͹͵,͸ 𝜎௫௧ −ͷ͹͹,͵ 𝜏௫௬௨  0 𝜏௫௬௧  ͷ͵ͳ,ͳ 𝜎ଵ௨ −͹Ͳ,ͺ 𝜎 ௧ˊ −ͳͳͻͷ 𝜎ଷ௨ −ͷ͹͵,͸ 𝜎ଵ௧ −ͳͲʹ 𝜎௖௨ −͹Ͳ,ͺ   
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4.13 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 
ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ 
ɧɚɝɪɭɡɨɤ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɫɨɨɪɭɠɟɧɢɟ ɧɚ ɩɪɨɱɧɨɫɬɶ, ɞɨɥɠɧɵ 
ɜɵɩɨɥɧɹɬɶɫɹ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 
 
ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 
 ݇ː݊௖|𝜎௠௔௫| ൑ ܴ˒˓݉  ,                                                                                    ሺͶ.ͳ͵͹ሻ 
 
ɝɞɟ   ݇ː = ͳ,ͳͷ  – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ, ɞɥɹ ɫɨɨɪɭɠɟɧɢɣ III ɤɥɚɫɫɚ; ݊௖ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ (݊௖ = ͳ – ɞɥɹ ɪɚɫɱɟɬɨɜ ɩɨ ɩɟɪɜɨɦɭ ɩɪɟɞɟɥɶɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɢ ɨɫɧɨɜɧɨɦɭ ɫɨɱɟɬɚɧɢɸ ɧɚɝɪɭɡɨɤ; ݊௖ = Ͳ,ͻ – ɞɥɹ ɪɚɫɱɟɬɨɜ ɩɨ ɩɟɪɜɨɦɭ ɩɪɟɞɟɥɶɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɢ ɨɫɨɛɨɦɭ ɫɨɱɟɬɚɧɢɸ 
ɧɚɝɪɭɡɨɤ); 𝜎௠௔௫– ɦɚɤɫɢɦɚɥɶɧɨɟ ɝɥɚɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ; ܴ˒˓ = ͳͷ ʛʞ˃ – ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɫɠɚɬɢɸ ɞɥɹ ɦɚɪɤɢ 
ɛɟɬɨɧɚ ȼ20, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɋɇɢɉ 2.06.08-87 “Ȼɟɬɨɧɧɵɟ ɢ 
ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ”; 
m – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ (m = 0,9 – ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɟ 
ɧɚɝɪɭɡɨɤ; m = 1 – ɩɪɢ ɨɫɨɛɨɦ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ).    
-ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 ͳ,ͳͷ ∙ ͳ ∙ |−ͷͷͲ| ൑ ͳͷͲͲͲ ∙ Ͳ,ͻ ,                                                                ሺͶ.ͳ͵ͺሻ 
 ͸͵ʹ,ͷ ൑ ͳ͵ͷͲͲ. 
 
-ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 ͳ,ͳͷ ∙ Ͳ,ͻ ∙ |−ͷ͹͵,͸| ൑ ͳͷͲͲͲ ∙ ͳ ,                                                             ሺͶ.ͳ͵ͻሻ 
 ʹ͹ͻͷ,ͻ ൑ ͳͷͲͲͲ. 
 
ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 
ɧɚɩɪɹɠɟɧɢɣ: 
 𝜎௬௨ < Ͳ,                                                                                                              ሺͶ.ͳͶͲሻ 
 
-ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
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−ͳͲͶ,͵ < Ͳ.                                                                                                     ሺͶ.ͳͶͳሻ 
 
-ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 −͹Ͳ,ͺ < Ͳ.                                                                                                        ሺͶ.ͳͶͳሻ 
 
ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 |𝜎௬௨| ൒ Ͳ,ʹͷߛ௪ܪௗ௨ ,                                                                                          ሺͶ.ͳͶʹሻ 
 
-ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 |−ͳͲͶ,͵| ൒ Ͳ,ʹͷ ∙ ͳͲ ∙ ͳ,Ͷ ,                                                                          ሺͶ.ͳͶ͵ሻ 
 −ͳͲͶ,͵ ൒ ͵,ͷ.                                                                                                  ሺͶ.ͳͶͶሻ 
 
-ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 |−͹Ͳ,ͺ| ൒ Ͳ,ʹͷ ∙ ͳͲ ∙ ͳͲ,ʹ ,                                                                         ሺͶ.ͳͶͷሻ 
 ͹Ͳ,ͺ ൒ ʹͷ,ͷ. 
 
ȼ ɤɨɧɬɚɤɬɧɨɦ ɫɟɱɟɧɢɢ: 
 𝜎௖௨ ൑ Ͳ ,                                                                                                             
 
-ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 −ͳͲͶ,͵ ൑ Ͳ.                                                                                                                    
 
-ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 −͹Ͳ,ͺ ൑ Ͳ.                                                                                                        
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɫɨɛɥɸɞɚɸɬɫɹ. 
 
4.14 Ɋɚɫɱɟɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɧɚ ɫɞɜɢɝ ɩɨ ɨɫɧɨɜɚɧɢɸ 
 
ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɮɨɪɦɟ ɫɞɜɢɝɚ ɩɥɨɬɢɧɚ ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɚ, ɟɫɥɢ 
ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ: 
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ܴ ∙ ߛ௖ௗܨ ∙ ߛ௟௖ ൒ ߛ௡,                                                                                                     ሺͶ.ͳͶ͸ሻ 
 
ɝɞɟ   ߛ௡ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɫɨɨɪɭɠɟɧɢɹ, ɩɪɢɧɢɦɚɟɦɵɣ 1,15; ߛ௟௖ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ (ߛ௟௖ = 1 – ɞɥɹ ɪɚɫɱɟɬɨɜ ɩɨ ɩɟɪɜɨɦɭ ɩɪɟɞɟɥɶɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɢ ɨɫɧɨɜɧɨɦɭ ɫɨɱɟɬɚɧɢɸ ɧɚɝɪɭɡɨɤ; ߛ௟௖ = 0,9 – ɞɥɹ ɪɚɫɱɟɬɨɜ ɩɨ ɩɟɪɜɨɦɭ ɩɪɟɞɟɥɶɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɢ ɨɫɨɛɨɦɭ ɫɨɱɟɬɚɧɢɸ 
ɧɚɝɪɭɡɨɤ); ߛ௖ௗ − ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ (ߛ௖ௗ = 0,9 – ɩɪɢ ɪɚɛɨɬɟ ɩɥɨɬɢɧɵ ɩɪɢ ɇɉɍ;  ߛ௖ௗ = 1 – ɩɪɢ ɪɚɛɨɬɟ ɩɥɨɬɢɧɵ ɩɪɢ Ɏɉɍ); ܴ − ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɨɛɨɛɳɟɧɧɨɣ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ (ɫɢɥɵ, 
ɫɨɩɪɨɬɢɜɥɹɸɳɟɣɫɹ ɫɞɜɢɝɭ): 
 ܴ = (ܩ˒ˎ + ܩ˄ + ܳˊ − ˗ܹ − ܹ˅ ˊ˅) ∙ ݐg𝜑 + ܿ ∙ 𝜔,                                   ሺͶ.ͳͶ͹ሻ 
 
ɝɞɟ   𝜔 − ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ ɩɥɨɳɚɞɢ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ, ɩɪɢ ɪɚɫɱɟɬɟ 
ɧɚ 1 ɩ.ɦ  𝜔 = ʑ௡ ∙ ͳ = Ͷ͸,Ͷ ∙ ͳ = Ͷ͸,Ͷ ˏଶ; 
 ܨ −  ɫɞɜɢɝɚɸɳɚɹ ɫɢɥɚ: 
 ܨ = ܶ˅ − ܶː + ܹ˅ ˑˎː + ܧː ,                                                                          ሺͶ.ͳͶͺሻ 
 
ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 ܴ = ሺʹͳͻͳ͸,ͷ + ͻʹͲʹ,ͳͺ + ͸͹ − ʹͲͲʹ,ͺ − ʹʹʹ͵,ͻሻ ∙ Ͳ,ͺ + ͳͲͲ ∙ Ͷ͸,Ͷ= 
 = ʹ͸ʹͲ͹,ʹ ʜ ˏ⁄ ;                                                                                             
 ܨ = ͳ͸ͷͲͲ,Ͷ − ͻͷ + ͳʹ,ͳͻ + ʹ͹,ͷͺ = ͳ͸ͶͶͷ,ʹ ʜ ˏ⁄ ;                      
 ʹͳͻͳ͸,ͷ ∙ Ͳ,ͻͷͳ͸ͶͶͷ,ʹ ∙ ͳ = ͳ,ʹ͸ ൒ ͳ,ͳͷ. 
 
-ɞɥɹ ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ: 
 ܴ = ሺʹͳͻͳ͸,ͷ + ͻʹͲʹ,ͳͺ + ͸͹ − ͳͺ͵ͷ,Ͷ − ͷͻͳ͹,Ͷሻ ∙ Ͳ,ͺ + ͳͲͲ ∗ Ͷ͸,Ͷ = 
 = ʹ͵͵ͺ͸,͵ ʜ ˏ⁄ ;                                                                                            ሺͶ.ͳͶͻሻ 
 ܨ = ͳ͹ͺ͹Ͳ,ͷ − ͳ͹͸ + ͳ͸,ͷͷ + ʹ͹,ͷͺ = ͳ͹͹͵ͺ,͸ ʜ ˏ;⁄  
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 ʹ͵͵ͺ͸,͵ ∙ Ͳ,ͻͷͳ͹͹͵ͺ,͸ ∙ ͳ = ͳ,ʹͷ ൒ ͳ,ͳͷ.                                                                                  
 
ɋɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ. 
  
5 ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ ɢ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
5.1 Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ ɢ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɣ 
 
ɉɪɢ ɪɭɫɥɨɜɨɣ ɤɨɦɩɨɧɨɜɤɢ ɜɫɟ ɛɟɬɨɧɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ 
ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɟɫɬɟɫɬɜɟɧɧɨɦ ɪɭɫɥɟ ɪɟɤɢ. ɗɬɨɬ ɬɢɩ ɯɚɪɚɤɬɟɪɟɧ ɞɥɹ ɪɟɤ, ɧɟ 
ɢɦɟɸɳɢɯ ɩɨɣɦɵ ɢ ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɠɚɬɵɯ ɪɭɫɥɚɯ, ɜ ɫɤɚɥɶɧɵɯ 
ɢɥɢ ɦɚɥɨɪɚɡɦɵɜɚɟɦɵɯ ɛɟɪɟɝɚɯ. 
Ɉɫɧɨɜɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɬɚɤɨɣ ɤɨɦɩɨɧɨɜɤɢ ɹɜɥɹɟɬɫɹ ɞɜɭɯ ɨɱɟɪɟɞɧɚɹ 
ɫɯɟɦɚ ɜɨɡɜɟɞɟɧɢɹ ɫɨɨɪɭɠɟɧɢɣ. 
 
5.2 Ɉɪɝɚɧɢɡɚɰɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 
5.3.1 Ɋɚɡɛɢɜɤɚ ɫɨɨɪɭɠɟɧɢɹ ɧɚ ɷɬɚɩɵ ɜɨɡɜɟɞɟɧɢɹ 
 
ȼɵɞɟɥɹɸɬ ɬɪɢ ɨɫɧɨɜɧɵɯ ɩɟɪɢɨɞɚ, ɨɬɧɨɫɹɳɢɯɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ 
ɨɫɭɳɟɫɬɜɥɟɧɢɸ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɣ, 
ɨɫɧɨɜɧɨɣ ɢ ɡɚɤɥɸɱɢɬɟɥɶɧɵɣ.  
ɉɟɪɜɵɣ ɩɟɪɢɨɞ—ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɣ. Ƚɥɚɜɧɚɹ ɡɚɞɚɱɚ 
ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ — ɩɨɞɝɨɬɨɜɤɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɤ ɜɟɞɟɧɢɸ ɪɚɛɨɬ ɩɨ 
ɨɫɧɨɜɧɵɦ ɫɨɨɪɭɠɟɧɢɹɦ. ɋɸɞɚ ɜɯɨɞɢɬ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɬɪɚɧɫɩɨɪɬɧɵɯ, 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ ɜɫɟɯ ɞɪɭɝɢɯ ɢɧɠɟɧɟɪɧɵɯ ɤɨɦɦɭɧɢɤɚɰɢɣ, ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɱɚɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɛɚɡɵ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɱɚɫɬɢ ɠɢɥɨɝɨ ɩɨɫɟɥɤɚ ɢ ɞɪɭɝɢɯ 
ɫɨɨɪɭɠɟɧɢɣ, ɬ.ɟ. ɩɨɞɝɨɬɨɜɤɚ ɜɫɟɯ ɬɵɥɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɧɚɱɚɥɨ ɜɟɞɟɧɢɹ 
ɨɫɧɨɜɧɵɯ ɪɚɛɨɬ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɢɯ ɪɚɡɜɢɬɢɟ ɧɟɨɛɯɨɞɢɦɵɦɢ ɬɟɦɩɚɦɢ. ɉɨ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɷɬɨɬ ɩɟɪɢɨɞ ɨɯɜɚɬɵɜɚɟɬ ɜɪɟɦɹ ɨɬ ɧɚɱɚɥɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
(ɨɬɤɪɵɬɢɹ ɬɢɬɭɥɚ ɨɛɴɟɤɬɚ) ɞɨ ɧɚɱɚɥɚ ɪɚɛɨɬ ɩɨ ɜɨɡɜɟɞɟɧɢɸ ɨɫɧɨɜɧɵɯ 
ɫɨɨɪɭɠɟɧɢɣ (ɧɚɱɚɥɨ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɜ ɤɨɬɥɨɜɚɧɟ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, 
ɭɤɥɚɞɤɚ ɛɟɬɨɧɚ ɜ ɨɫɧɨɜɧɵɟ ɫɨɨɪɭɠɟɧɢɹ, ɨɬɫɵɩɤɚ ɦɚɬɟɪɢɚɥɚ ɜ ɬɟɥɨ ɩɥɨɬɢɧɵ ɢ 
ɞɪ.) ȼ ɷɬɨɬ ɩɟɪɢɨɞ ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɤɨɧɱɟɧɵ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ ɨɫɧɨɜɧɵɟ 
ɨɛɴɟɤɬɵ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɛɚɡɵ (ɛɟɬɨɧɧɨɟ ɯɨɡɹɣɫɬɜɨ, ɚɜɬɨɛɚɡɵ ɢ ɞɪ.)   
ȼɬɨɪɨɣ ɩɟɪɢɨɞ — ɨɫɧɨɜɧɨɣ. Ƚɥɚɜɧɚɹ ɡɚɞɚɱɚ ɷɬɨɝɨ ɩɟɪɢɨɞɚ — 
ɜɨɡɜɟɞɟɧɢɟ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɨɛɴɟɦɟ, ɧɟɨɛɯɨɞɢɦɨɦ ɞɥɹ ɩɭɫɤɚ ɨɛɴɟɤɬɚ 
ɧɚ ɩɨɥɧɭɸ ɦɨɳɧɨɫɬɶ. ȼ ɷɬɨɬ ɩɟɪɢɨɞ ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɤɨɧɱɟɧɵ ɜɫɟ ɫɨɨɪɭɠɟɧɢɹ 
ɨɛɴɟɤɬɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɉɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɷɬɨɬ 
ɩɟɪɢɨɞ ɨɯɜɚɬɵɜɚɟɬ ɜɪɟɦɹ ɨɬ ɧɚɱɚɥɚ ɪɚɛɨɬ ɜ ɤɨɬɥɨɜɚɧɟ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ 
ɞɨ ɩɭɫɤɚ ɨɛɴɟɤɬɚ ɜɨ ɜɪɟɦɟɧɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ. ɗɬɨɬ ɩɟɪɢɨɞ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɢɦɢ ɬɟɦɩɚɦɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. Ƚɨɞɨɜɵɟ ɨɛɴɟɦɵ ɪɚɛɨɬ 
ɞɨɫɬɢɝɚɸɬ 20-25% ɢ ɛɨɥɟɟ ɨɬ ɨɛɳɟɝɨ ɨɛɴɟɦɚ.   
Ɍɪɟɬɢɣ ɩɟɪɢɨɞ — ɡɚɤɥɸɱɢɬɟɥɶɧɵɣ. Ƚɥɚɜɧɚɹ ɡɚɞɚɱɚ ɷɬɨɝɨ ɩɟɪɢɨɞɚ — 
ɩɨɞɝɨɬɨɜɤɚ ɢ ɫɞɚɱɚ ɨɛɴɟɤɬɚ ɜ ɩɨɫɬɨɹɧɧɭɸ ɩɪɨɦɵɲɥɟɧɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ. ȼ 
ɷɬɨɬ ɩɟɪɢɨɞ ɡɚɤɚɧɱɢɜɚɸɬɫɹ ɜɫɟ ɪɚɛɨɬɵ ɩɨ ɨɛɴɟɤɬɭ, ɧɟ ɜɤɥɸɱɟɧɧɵɟ ɜɨ ɜɬɨɪɨɣ 
ɩɟɪɢɨɞ ɤ ɦɨɦɟɧɬɭ ɩɭɫɤɚ ɨɛɴɟɤɬɚ ɜɨ ɜɪɟɦɟɧɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ. ȼ ɨɫɧɨɜɧɨɦ – 
ɷɬɨ ɞɨɞɟɥɤɢ ɩɨ ɨɫɧɨɜɧɵɦ ɫɨɨɪɭɠɟɧɢɹɦ: ɨɬɞɟɥɨɱɧɵɟ ɪɚɛɨɬɵ, ɪɚɛɨɬɵ ɩɨ 
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ɛɥɚɝɨɭɫɬɪɨɣɫɬɜɭ ɬɟɪɪɢɬɨɪɢɢ ɩɪɨɦɡɨɧɵ ɢ ɠɢɥɨɝɨ ɩɨɫɟɥɤɚ, ɪɟɤɭɥɶɬɢɜɚɰɢɨɧɵɟ 
ɪɚɛɨɬɵ ɩɨ ɤɚɪɶɟɪɚɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɥɢɤɜɢɞɚɰɢɹ ɜɪɟɦɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɬ.ɩ. ɉɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɷɬɨɬ ɩɟɪɢɨɞ ɨɯɜɚɬɵɜɚɟɬ ɜɪɟɦɹ ɨɬ 
ɩɭɫɤɚ ɨɛɴɟɤɬɚ ɜɨ ɜɪɟɦɟɧɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ ɞɨ ɩɪɢɟɦɤɢ ɨɛɴɟɤɬɚ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɪɢɟɦɨɱɧɨɣ ɤɨɦɢɫɫɢɟɣ ɜ ɩɨɫɬɨɹɧɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ.  
ȼ ɨɫɧɨɜɧɨɦ ɩɟɪɢɨɞɟ ɞɥɹ ɊȽɌɋ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɞɟɥɹɬɶ ɦɢɧɢɦɭɦ ɩɹɬɶ 
ɷɬɚɩɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɱɟɪɟɞɧɨɫɬɶɸ ɜɨɡɜɟɞɟɧɢɹ ɫɨɨɪɭɠɟɧɢɣ ɫ ɭɱɟɬɨɦ ɩɪɨɩɭɫɤɚ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
I ɷɬɚɩ−ɨɛɪɚɡɨɜɚɧɢɟ ɤɨɬɥɨɜɚɧɚ 1-ɨɣ ɨɱɟɪɟɞɢ ɢ ɜɨɡɜɟɞɟɧɢɟ ɜ ɧɟɦ 
ɜɪɟɦɟɧɧɵɯ ɜɨɞɨɩɪɨɩɭɫɤɧɵɯ ɫɨɨɪɭɠɟɧɢɣ; 
II ɷɬɚɩ−ɨɛɪɚɡɨɜɚɧɢɟ ɤɨɬɥɨɜɚɧɚ 2-ɨɣ ɨɱɟɪɟɞɢ ɢ ɜɨɡɜɟɞɟɧɢɟ ɡɞɚɧɢɹ Ƚɗɋ; 
III ɷɬɚɩ−ɧɚɪɚɳɢɜɚɧɢɟ ɫɨɨɪɭɠɟɧɢɣ ɞɨ ɨɬɦɟɬɨɤ ɜɨɞɨɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ, 
ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɧɚɱɚɥɚ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ; 
IVɷɬɚɩ− ɧɚɪɚɳɢɜɚɧɢɟ ɫɨɨɪɭɠɟɧɢɣ ɢ ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɞɨ 
ɩɪɨɟɤɬɧɵɯ ɨɬɦɟɬɨɤ, ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɩɨɨɱɟɪɟɞɧɵɦ ɩɭɫɤɨɦ ɜɫɟɯ 
ɚɝɪɟɝɚɬɨɜ. 
 
ɇɚ 𝐈 ɷɬɚɩɟ ɜɨɡɜɨɞɹɬɫɹ ɩɟɪɟɦɵɱɤɢ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ, ɢ ɨɫɭɲɚɟɬɫɹ 
ɤɨɬɥɨɜɚɧ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ. ȼ ɷɬɨɦ ɤɨɬɥɨɜɚɧɟ ɜɨɡɜɨɞɢɬɫɹ ɧɢɠɧɹɹ ɱɚɫɬɶ 
ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ, ɧɟɨɛɯɨɞɢɦɚɹ ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ ɩɟɪɟɤɥɸɱɟɧɢɹ 
ɩɪɨɩɭɫɤɚ ɜɨɞɵ ɫ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɪɭɫɥɚ ɧɚ ɜɨɞɨɫɥɢɜɧɵɟ ɩɪɨɥɟɬɵ ɩɥɨɬɢɧɵ. 
ɉɪɨɩɭɫɤ ɪɚɫɯɨɞɚ ɪɟɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɫɬɟɫɧɟɧɧɨɟ ɪɭɫɥɨ ɪɟɤɢ  
ɇɚ II ɷɬɚɩɟ ɩɪɨɜɨɞɢɬɫɹ ɩɟɪɟɤɪɵɬɢɹ ɪɭɫɥɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɬɟɩɟɧɧɨɟ 
ɩɟɪɟɤɥɸɱɟɧɢɟ ɪɚɫɯɨɞɨɜ ɢɡ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɪɭɫɥɚ ɧɚ ɫɨɨɪɭɠɟɧɢɹ, ɩɨɫɬɪɨɟɧɧɵɟ 
ɜɨ ɜɪɟɦɹ I ɷɬɚɩɚ.  
ɉɟɪɟɤɪɵɬɢɟ ɪɭɫɥɚ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɦɟɪɨɩɪɢɹɬɢɟ ɢ 
ɪɚɛɨɬɵ: 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɫɬɟɫɧɟɧɢɟ ɪɭɫɥɚ ɧɚ ɭɱɚɫɬɤɟ ɩɟɪɟɤɪɵɬɢɹ ɞɨ ɪɚɫɱɟɬɧɨɝɨ 
ɩɪɨɪɚɧɚ; 
ɨɬɫɵɩɤɚ ɤɚɦɟɧɧɨɝɨ ɛɚɧɤɟɬɚ ɜ ɩɪɨɪɚɧɟ (ɩɟɪɟɤɪɵɬɢɟ ɩɪɨɪɚɧɚ); 
ɧɚɪɚɳɢɜɚɧɢɟ ɩɟɪɟɦɵɱɤɢ ɩɨ ɜɵɫɨɬɟ ɞɨ ɨɬɦɟɬɨɤ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 
ɩɪɨɩɭɫɤɚ ɪɚɫɱɟɬɧɨɝɨ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ (ɩɚɜɨɞɤɚ). 
ɉɟɪɟɤɪɵɬɢɟ ɪɭɫɥɚ ɨɛɵɱɧɨ ɧɚɱɢɧɚɟɬɫɹ ɜ ɨɫɟɧɧɢɣ ɩɟɪɢɨɞ ɫ ɦɚɥɵɦɢ 
ɪɚɫɯɨɞɚɦɢ (ɫɟɧɬɹɛɪɶ, ɨɤɬɹɛɪɶ).  
ɉɪɨɩɭɫɤ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɧɚ ɷɬɨɦ ɷɬɚɩɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɜɪɟɦɟɧɧɵɦɢ ɜɨɞɨɩɪɨɩɭɫɤɧɵɦɢ ɫɨɨɪɭɠɟɧɢɹɦɢ.  
ɱɟɪɟɡ ɝɪɟɛɟɧɤɭ. ȼɨɡɜɟɞɟɧɢɟ ɫɬɚɧɰɢɨɧɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ. Ɉɬɦɟɬɤɚ 
ɫɨɨɪɭɠɟɧɢɣ ɤ ɨɤɨɧɱɚɧɢɸ ɞɚɧɧɨɝɨ ɷɬɚɩɚ ɫɨɫɬɚɜɥɹɟɬ Ƚȼ=829,00 ɦ.  
ɇɚ III ɷɬɚɩɟ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɞɨ ɨɬɦɟɬɨɤ 
ɩɭɫɤɚ ɩɟɪɜɵɯ ɚɝɪɟɝɚɬɨɜ Ƚɗɋ ɢ ɩɭɫɤ ɷɬɢɯ ɚɝɪɟɝɚɬɨɜ 832,00 ɦ. ȼ ɩɟɪɢɨɞ 
ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɱɚɫɬɶ ɪɚɫɯɨɞɨɜ ɪɟɤɢ ɞɨɥɠɧɚ ɡɚɞɟɪɠɢɜɚɬɶɫɹ ɜ 
ɜɨɞɨɯɪɚɧɢɥɢɳɟ, ɚ ɱɟɪɟɡ ɫɬɜɨɪ ɝɢɞɪɨɭɡɥɚ ɞɨɥɠɧɵ ɩɪɨɩɭɫɤɚɬɶɫɹ ɬɨɥɶɤɨ 
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ɪɚɫɯɨɞɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɧɭɠɞ ɬɟɯ ɨɬɪɚɫɥɟɣ ɧɚɪɨɞɧɨɝɨ 
ɯɨɡɹɣɫɬɜɚ, ɩɪɟɞɩɪɢɹɬɢɹ ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɨɠɟɧɵ ɧɢɠɟ ɝɢɞɪɨɭɡɥɚ. ɇɚ ɷɬɨɦ 
ɷɬɚɩɟ ɩɪɨɩɭɫɤ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɪɟɝɭɥɢɪɭɟɦɵɟ 
ɨɬɜɟɪɫɬɢɹ ɫ ɢɯ ɩɨɫɬɟɩɟɧɧɵɦ ɩɨɨɱɟɪɟɞɧɵɦ ɩɟɪɟɤɪɵɬɢɟɦ ɢ ɡɚɞɟɥɤɨɣ. 
ɉɚɪɚɥɥɟɥɶɧɨ ɫ ɧɚɩɨɥɧɟɧɢɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɧɚɪɚɳɢɜɚɧɢɟ 
ɮɪɨɧɬɚ ɛɟɬɨɧɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɜɨɡɜɟɞɟɧɢɟ ɡɞɚɧɢɹ Ƚɗɋ ɢ ɦɨɧɬɚɠ ɚɝɪɟɝɚɬɨɜ. 
Ɉɬɦɟɬɤɚ ɫɨɨɪɭɠɟɧɢɣ ɤ ɨɤɨɧɱɚɧɢɸ ɞɚɧɧɨɝɨ ɷɬɚɩɚ 836,00 ɦ.  
ɇɚ IV ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɹɬ ɧɚɪɚɳɢɜɚɧɢɟ ɜɫɟɯ ɫɨɨɪɭɠɟɧɢɣ ɞɨ ɩɪɨɟɤɬɧɵɯ 
ɨɬɦɟɬɨɤ, ɞɚɥɶɧɟɣɲɟɟ ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɩɨɨɱɟɪɟɞɧɵɣ ɩɭɫɤ ɜɫɟɯ 
ɚɝɪɟɝɚɬɨɜ Ƚɗɋ. ɉɪɨɩɭɫɤ ɧɟɨɛɯɨɞɢɦɵɯ ɪɚɫɯɨɞɨɜ ɱɟɪɟɡ ɫɬɜɨɪ ɝɢɞɪɨɭɡɥɚ ɜ ɷɬɨɬ 
ɩɟɪɢɨɞ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɭɠɟ ɱɟɪɟɡ ɪɚɛɨɬɚɸɳɢɟ ɚɝɪɟɝɚɬɵ Ƚɗɋ. ɉɨɫɬɟɩɟɧɧɨ 
ɩɪɨɩɭɫɤ ɪɚɫɯɨɞɨɜ ɩɟɪɟɤɥɸɱɚɟɬɫɹ ɧɚ ɩɨɫɬɨɹɧɧɵɟ ɜɨɞɨɫɛɪɨɫɧɵɟ ɨɬɜɟɪɫɬɢɹ ɩɨ 
ɦɟɪɟ ɢɯ ɝɨɬɨɜɧɨɫɬɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. Ɉɛɴɟɦɵ ɪɚɛɨɬ ɷɬɨɝɨ ɷɬɚɩɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɡɧɨɫɬɢ ɨɛɴɟɦɨɜ ɪɚɛɨɬ, ɜɵɩɨɥɧɟɧɧɵɯ ɤ ɩɭɫɤɭ ɩɟɪɜɵɯ 
ɚɝɪɟɝɚɬɨɜ, ɢ ɨɛɴɟɦɨɜ ɪɚɛɨɬ ɜ ɰɟɥɨɦ. Ɉɬɦɟɬɤɚ ɫɨɨɪɭɠɟɧɢɣ ɤ ɨɤɨɧɱɚɧɢɸ 
ɞɚɧɧɨɝɨ ɷɬɚɩɚ 845,00 ɦ.  
Ɉɛɴɟɦ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɛɨɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 5.1. 
 
Ɍɚɛɥɢɰɚ 5.1 – Ɉɛɴɟɦɵ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ ɧɚ ɤɚɠɞɨɦ ɢɡ ɷɬɚɩɨɜ ɢ 
ɫɭɦɦɚɪɧɵɟ ɩɨ ɜɫɟɦɭ ɫɨɨɪɭɠɟɧɢɸ  
ɗɬɚɩ: Ɉɬɦɟɬɤɚ, ɦ: Ȼɟɬɨɧɧɵɟ ɪɚɛɨɬɵ Ɉɛɴɟɦ, ɦଷ 
 
I 794,00 Ƚɪɟɛɟɧɤɚ: ʹͳͷ͹͸ Ɋɚɡɞɟɥɢɬɟɥɶɧɵɣ ɭɫɬɨɣ: ͸ʹͷͲ 
II 810,00 
ȼɨɞɨɫɥɢɜɧɚɹ ɩɥɨɬɢɧɚ ͵Ͷͷʹͳ 
ɋɬɚɧɰɢɨɧɧɚɹ ɩɥɨɬɢɧɚ ɢ ɡɞɚɧɢɟ Ƚɗɋ 82035 
Ƚɥɭɯɢɟ ɱɚɫɬɢ ɩɥɨɬɢɧɵ 37398 
III 836,00 ɋɬɚɧɰɢɨɧɧɚɹ ɢ ɜɨɞɨɫɥɢɜɧɚɹ ɱɚɫɬɢ ͳͳͻͲͺͲ Ƚɥɭɯɢɟ ɱɚɫɬɢ ɩɥɨɬɢɧɵ ʹͶͳͺͲ 
IV 845,00 ɋɬɚɧɰɢɨɧɧɚɹ ɢ ɜɨɞɨɫɥɢɜɧɚɹ ɱɚɫɬɢ ͺ͵͹Ͳ 
Ƚɥɭɯɢɟ ɱɚɫɬɢ ͳͳͳ͸Ͳ 
ɋɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɪɚɛɨɬ: 344570 
 
5.4 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ  
 
5.4.1 Ɉɱɟɪɟɞɧɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɩɪɨɩɭɫɤ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ  
 
Ɋɚɫɱɟɬɧɵɣ ɫɬɪɨɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 5 % 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ ɤɚɩɢɬɚɥɶɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ ɢ ɫɪɨɤɚ 
ɜɪɟɦɟɧɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ (ɛɨɥɟɟ 2ɯ ɥɟɬ) ɩɨɫɬɨɹɧɧɵɯ ɫɨɨɪɭɠɟɧɢɹ. Ɉɛɪɚɡɭɟɬɫɹ 
ɤɨɬɥɨɜɚɧ 1-ɣ ɨɱɟɪɟɞɢ, ɫɭɠɚɟɬɫɹ ɪɭɫɥɨ. ɋɬɪɨɢɬɟɥɶɧɵɟ ɪɚɫɯɨɞɵ ɩɪɨɩɭɫɤɚɸɬɫɹ 
ɱɟɪɟɡ ɫɭɠɟɧɧɨɟ ɪɭɫɥɨ. ȼ ɤɨɬɥɨɜɚɧɟ 1-ɣ ɨɱɟɪɟɞɢ ɜɨɡɜɨɞɢɬɫɹ ɜɨɞɨɫɥɢɜɧɚɹ 
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ɩɥɨɬɢɧɚ (ɜɨɡɜɨɞɢɬɫɹ ɱɚɫɬɢɱɧɨ, ɚ ɩɨɬɨɦ ɞɨɫɬɪɚɢɜɚɟɬɫɹ). ɋɭɠɟɧɢɟ ɪɭɫɥɚ 
ɫɨɫɬɚɜɥɹɟɬ 60% ɞɥɹ ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ. ȼ ɫɭɠɟɧɧɨɦ ɪɭɫɥɟ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨɜɵɲɟɧɢɟ ɭɪɨɜɧɟɣ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɨɬɦɟɬɤɢ ɩɪɨɞɨɥɶɧɨɣ ɢ ɩɨɩɟɪɟɱɧɨɣ 
ɩɟɪɟɦɵɱɟɤ. 
 Z = ଵφమ ·  ௩𝑐మଶ·𝑔 − ௩బమଶ ·𝑔 = ଵ଴,଼ହమ ·  ଷ,ସଽమଶ·ଽ,଼ଵ − ଵ,ଷହమଶ ·ଽ,଼ଵ = Ͳ,͹͹,                                  (5.1) 
 
ɝɞɟ   φ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ, ɞɥɹ ɬɪɚɩɟɰɟɢɞɚɥɶɧɵɯ ɩɟɪɟɦɵɱɟɤ φ = 0,85; 
v0–ɛɵɬɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɨɞɵ ɜ ɪɟɤɟ; 
vc –ɛɵɬɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɨɞɵ ɜ ɪɟɤɟ ɢ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜ ɫɭɠɟɧɧɨɦ ɪɭɫɥɟ. 
 
Ȼɵɬɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɨɞɵ ɜ ɪɟɤɟ: 
 ݒ଴ = ୕˔˕˓୵బ = ଶ଺଼ଽଶଷ଺ହ = ͳ,ͳͶ ˏ/˔,                              (5.2) 
 ˆˇˈ   w଴ - ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɪɭɫɥɚ ɪɟɤɢ ɞɨ ɫɬɟɫɧɟɧɢɹ ɩɪɢ Q˔˕˓, w଴ = ʹ͵͸ͷ ˏଶ.  
 
ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜ ɫɭɠɟɧɧɨɦ ɪɭɫɥɟ: 
 ݒc = ୕˔˕˓ ୵c = ଶ଺଼ଽଵ଴଻଺ = ʹ,ͷ ˏ/˔,            (5.3) 
 
ɝɞɟ   wc - ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɭɠɟɧɧɨɣ ɱɚɫɬɢ ɪɭɫɥɚ ɩɪɢ Q˔˕˓(ɦɨɠɧɨ ɩɪɢɧɹɬɶ 40% ɨɬ w଴), wc = ͳͲ͹͸ ˏଶ. 
ȼɵɫɨɬɚ ɜɟɪɯɨɜɨɣ ɩɟɪɟɦɵɱɤɢ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ:  
 ʜʑʞ = ℎː˄ + ݖ + ܽ = ͻ.ʹ + Ͳ,͹͹ + ͳ = ͳͳ ˏ.                        (5.4) 
 
ɝɞɟ   ℎː˄ - ɝɥɭɛɢɧɚ ɜɨɞɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ Q˔˕˓ = ʹ͸ͺͻ ˏଷ/˔; ܽ - ɫɬɪɨɢɬɟɥɶɧɵɣ ɡɚɩɚɫ. 
 ∇ʒʑʞ = ∇ˇːˑ + ʜʑʞ = ͹ͺͶ + ͳͳ = ͹ͻͷ,ͲͲˏ.                             (5.5) 
 
ȼɵɫɨɬɚ ɧɢɡɨɜɨɣ ɩɟɪɟɦɵɱɤɢ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ:  
 ʜʜʞ = ℎː˄ + ܽ = ͻ.ʹ + ͳ = ͳͲ,ʹ ˏ.                          (5.6) 
 ∇ʒʜʞ = ∇ˇːˑ + ʜʜʞ = ͹ͺͶ + ͳͲ,ʹ = ͹ͻͶ,ʹ ˏ.                    (5.7) 
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5.5 Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɬɟɯɧɨɥɨɝɢɹ ɪɚɛɨɬ ɩɨ ɜɨɡɜɟɞɟɧɢɸ ɩɟɪɟɦɵɱɟɤ ɢ 
Ʉɇɉ 
 
ȼɨɡɜɨɞɢɦ ɩɪɨɞɨɥɶɧɭɸ ɪɹɠɟɜɭɸ ɩɟɪɟɦɵɱɤɭ, ɬɚɤ ɤɚɤ ɪɭɫɥɨ ɡɧɚɱɢɬɟɥɶɧɨ 
ɫɭɠɟɧɨ ɢ ɫɤɨɪɨɫɬɶ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ ʹ,ͷˏ/˔. Ⱦɥɢɧɚ ɩɪɨɞɨɥɶɧɨɣ ɪɹɠɟɜɨɣ 
ɩɟɪɟɦɵɱɤɢ ɫɨɫɬɚɜɥɹɟɬ 125 ɦɟɬɪɨɜ.   
ȼɵɫɨɬɚ ɜɟɪɯɨɜɨɣ ɩɟɪɟɦɵɱɤɢ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ:  
 ʜʑʞ = ℎː˄ + ݖ + ܽ = ͻ.ʹ + Ͳ,͵͹ + ͳ,Ͳ͵ = ͳͲ,͸ ˏ.              (5.8) 
 
ɝɞɟ   ℎː˄ - ɝɥɭɛɢɧɚ ɜɨɞɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ Q˔˕˓ = ʹ͸ͺͻ ˏଷ/˔; ܽ - ɫɬɪɨɢɬɟɥɶɧɵɣ ɡɚɩɚɫ. 
 ∇ʒʑʞ = ∇ˇːˑ + ʜʑʞ = ͹ͺͶ + ͳͲ,͸ = ͹ͻͶ,͸Ͳˏ.           (5.9) 
 
ȼɵɫɨɬɚ ɧɢɡɨɜɨɣ ɩɟɪɟɦɵɱɤɢ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ:  
 ʜʜʞ = ℎː˄ + ܽ = ͻ.ʹ + ͳ = ͳͲ,ʹ ˏ.                        (5.10) 
 ∇ʒʜʞ = ∇ˇːˑ + ʜʜʞ = ͹ͺͶ + ͳͲ,ʹ = ͹ͻͶ,ʹ ˏ.         (5.11) 
 
5.5.1  ɉɪɨɩɭɫɤ ɩɚɜɨɞɤɨɜ ɜ 3-ɣ ɝɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 
ɉɪɨɩɭɫɤ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɝɪɟɛɟɧɤɭ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ ɜ ɝɪɟɛɟɧɤɟ:  
 ݊ = ொ˔˕˓௩ː∙ℎˆ˓∙௕ = ଶ଺଼ଽହ∙ଽ,ଶ∙ሺଵଶ+଴,ଷ଻ሻ = Ͷ,͸ͺ                    (5.12) 
 
ɝɞɟ   ݒː- ɧɟ ɪɚɡɦɵɜɚɸɳɚɹ ɫɤɨɪɨɫɬɶ ɞɥɹ ɫɤɚɥɵ – 5 ɦ/ɫ; 
b=12 ɦ;  ߜ˄-ɬɨɥɳɢɧɚ ɛɵɤɨɜ, 
hɝɪ – ɧɚɩɨɪ ɧɚ ɝɪɟɛɟɧɤɟ Qɫɬɪ – ɪɚɫɯɨɞ 5% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ; 
 
ɉɪɢɧɢɦɚɟɦ n=5. 
  
5.5.2 ɉɪɨɩɭɫɤ ɩɚɜɨɞɤɚ ɜ 4-ɣ ɝɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
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ɉɚɜɨɞɨɤ ɜ 4-ɣ ɝɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɡɚɝɥɭɛɥɟɧɧɵɟ 
ɨɬɜɟɪɫɬɢɹ ɜ ɬɟɥɟ ɜɨɞɨɫɛɪɨɫɧɨɣ ɩɥɨɬɢɧɵ. ɉɪɢɦɟɦ 3 ɨɬɜɟɪɫɬɢɹ ɫɟɱɟɧɢɟɦ 4˟4, ɫ 
ɨɬɦɟɬɤɨɣ ɰɟɧɬɪɚ ɨɬɜɟɪɫɬɢɹ 796.00 ɦ. 
Ɉɩɪɟɞɟɥɢɦ ɨɬɦɟɬɤɭ ȼȻ, ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɩɪɨɩɭɫɤɚ Qɫɬɪ = 2689 ɦ3/c/ 
 ʜ˅ˑ = ቀ ொ˔˕˓௠∙௪మ∙ଶ∙𝑔∙௡ቁమయ = ቀ ଶ଺଼ଽ଴,ଷହ∙ସ∙ସ∙ଶ∙ଽ.଼ଵ∙ଷቁమయ = ͺ.ʹ ˏ,                (5.13) 
 
Ƚɞɟ   ʜ˅ˑ – ɧɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ; 
 ݓ- ɩɥɨɳɚɞɶ ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ; 
 ݉ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, ɩɪɢɧɢɦɚɟɦ 0.35; 
 ݊ – ɤɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ; 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɦɟɬɤɚ ȼȻ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɪɨɩɭɫɤɚ ɫɬɪɨɢɬɟɥɶɧɨɝɨ 
ɪɚɫɯɨɞɚ ɫɨɫɬɚɜɥɹɟɬ: 
  ∇ʑʐ = ∇ʥˈː˕˓˃ ˑ˕˅ˈ˓˔˕ˋˢ + ʜ˅ˑ = ͹ͻ͸,ͲͲ + ͺ,ʹ = ͺͲͶ,ʹ ˏ ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɩɪɨɩɭɫɤɚ ɩɚɜɨɞɤɚ ɜ 4-ɣ ɝɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɨɬɦɟɬɤɚ 
ɜɟɪɯɚ ɩɥɨɬɢɧɵ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 805,00 ɦ. 
 
5.6 Ɉɪɝɚɧɢɡɚɰɢɹ ɪɚɛɨɬ ɜ ɤɨɬɥɨɜɚɧɟ  
 
5.6.1 Ɋɚɫɱɟɬ ɤɨɬɥɨɜɚɧɚ I ɨɱɟɪɟɞɢ 
 
 Ɋɢɫɭɧɨɤ 5.1−ɋɯɟɦɚ ɤɨɬɥɨɜɚɧɚ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ 
 
ɒɢɪɢɧɚ ɤɨɬɥɨɜɚɧɚ: 
ȼ = ʹ ∙ ܾ + ɋ + ʹℎɩɟɪ ∙ ɫݐ݃ߙ,                             (5.14) 
 
ȼ = ʹ ∙ ͳͲ + ͸ʹ + ʹ ∙ ͳͲ,͸ ∙ ͳ,Ͷ = ͳͳʹ  ɦ.                                                          
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Ƚɞɟ   b−ɩɪɨɫɬɪɚɧɫɬɜɨ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɦɟɯɚɧɢɡɦɨɜ, 
ɜɨɞɨɫɛɨɪɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢ ɫɴɟɡɞɨɜ ɜ ɤɨɬɥɨɜɚɧ. Ɋɚɡɦɟɪɵ ɢɯ ɞɨɥɠɧɵ ɛɵɬɶ ɧɟ 
ɦɟɧɶɲɟ 10-30 ɦ ɞɨ ɩɨɩɟɪɟɱɧɵɯ ɩɟɪɟɦɵɱɟɤ ɢ 4-10 ɦ - ɞɨ ɩɪɨɞɨɥɶɧɨɣ, 
ɋ−ɪɚɡɦɟɪ ɫɬɪɨɹɳɟɝɨɫɹ ɫɨɨɪɭɠɟɧɢɹ; - ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɜɨɞɨɫɛɪɨɫɧɨɣ 
ɩɥɨɬɢɧɵ ɢ ɞɥɢɧɚ ɭɤɪɟɩɥɟɧɧɵɯ ɭɱɚɫɬɤɨɜ ɫɨ ɫɬɨɪɨɧɵ ȼȻ ɢ ɇȻ. 
 
Ⱦɥɢɧɚ ɤɨɬɥɨɜɚɧɚ: L = ܾ + ܽଵ ∙ ℎɩɟɪ ∙ ͳ,Ͷ + ܮɜ + ܮɭ;                                          (5.15) 
 L = ͳͲ + ͳͲ,͸ ∙ ͳ,Ͷ + ͶͲ + ͸ = ͹ʹ ˏ;                                                                  
 
ɝɞɟ   ܮɜ −ɞɥɢɧɚ ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ ɪɚɜɧɚ 40 ɦ.  ܮɭ −ɲɢɪɢɧɚ ɪɚɡɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɨɹ ɪɚɜɧɚ 6 ɦ. 
 
Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɬɟɯɧɨɥɨɝɢɹ ɪɚɛɨɬ ɩɨ ɜɨɞɨɨɬɥɢɜɭ  
 
ɉɪɢɦɟɧɹɟɦ ɫɩɨɫɨɛ ɨɬɤɪɵɬɨɝɨ ɜɨɞɨɨɬɥɢɜɚ, ɩɨɬɨɦɭ ɱɬɨ ɨɫɧɨɜɚɧɢɟ ɩɨɞ 
ɦɟɫɬɨ ɜɨɡɜɟɞɟɧɢɹ ɫɨɨɪɭɠɟɧɢɣ ɫɥɨɠɟɧɨ ɢɡ ɩɪɨɱɧɨɝɨ ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ.  
ɗɬɨɬ ɫɩɨɫɨɛ ɨɫɭɲɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɬɤɚɱɤɚ ɜɨɞɵ 
ɜɟɞɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɤɨɬɥɨɜɚɧɚ ɢɥɢ ɢɡ ɨɬɞɟɥɶɧɵɯ ɩɪɢɹɦɤɨɜ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɫɚɦɨɦ ɤɨɬɥɨɜɚɧɟ.  
 
5.6.2 Ɉɫɭɲɟɧɢɟ ɤɨɬɥɨɜɚɧɚ I ɨɱɟɪɟɞɢ  
 ʡ଴ = ʜˑ˕ˍ௅బ = ଷ଴,ହ = ͸ ˔˖˕ˑˍ,          (5.16) 
 
ɝɞɟ   ʜˑ˕ˍ - ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɤɨɬɥɨɜɚɧɟ;  
          ܮ଴ - ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɨɫɭɲɟɧɢɹ ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ, ɥ/ɫɭɬ  
 ܸˍ ˑ˕ = ʜˑ˕ˍ ∙ ܾ ∙ ܮ = ͵ ∙ ͳͳʹ ∙ ͹ʹ = ʹͶͳͻʹ ˏଷ,                                          ሺͷ.ͳ͹ሻ 
 
ɝɞɟ    ܸˍ ˑ˕ – ɨɛɴɟɦ ɜɨɞɵ ɜ ɤɨɬɥɨɜɚɧɟ ɩɪɢ ܳ˔ˈː˕˔˓ . 
 
Ɉɛɳɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚɫɨɫɨɜ:  
 ܳ = 𝑉 ˑ˕ʡబ = ଶସଵଽଶ଺∙ଶସ = ʹͷͲ ˏଷ/˚˃˔,                  (5.18) 
 
ȼɵɛɢɪɚɟɦ ɤɨɧɫɨɥɶɧɵɣ ɧɚɫɨɫ Ʉɇ-150-80-160 (ɦɨɳɧɨɫɬɶ 15 ɤȼɬ, ɩɨɞɚɱɚ 100 
ɦ3/ɱ, ɧɚɩɨɪ 32 ɦ), ɬɨɝɞɚ ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɨɫɨɜ ɛɭɞɟɬ ɪɚɜɧɵɦ:  
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 𝑁 = ∑ ொ∙ଵ,ହ௉ː = ଶହ଴∙ଵ,ହଵ଴଴ = ͵,͹ͷ ˛˕.         (5.19) 
 
Ɍɨɝɞɚ ɩɪɢɧɢɦɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɨɫɨɜ ɪɚɜɧɵɦ 4. 
 
5.6.3 Ɋɚɡɪɚɛɨɬɤɚ ɤɨɬɥɨɜɚɧɚ ɩɨɞ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ 
 
 Ɋɢɫɭɧɨɤ 5.2−ɋɯɟɦɚ ɤɨɬɥɨɜɚɧɚ ɩɨɞ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ 
 
ȼ ɤɚɱɟɫɬɜɟ ɜɟɞɭɳɟɝɨ ɦɟɯɚɧɢɡɦɚ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ 
ɩɪɢɦɟɧɹɟɬɫɹ ɝɭɫɟɧɢɱɧɵɣ ɨɞɧɨɤɨɜɲɨɜɵɣ ɷɤɫɤɚɜɚɬɨɪ ɗɈ – 6123 ɫ ɩɪɹɦɨɣ 
ɥɨɩɚɬɨɣ, ɜɦɟɫɬɢɦɨɫɬɶ ɤɨɜɲɚ qɤɨɜ =2,5 ɦ3. 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɰɢɤɥɚ ɷɤɫɤɚɜɚɬɨɪɚ: 
 ʞˠ˚ = ݍˍˑ˅ ∙ ݊˙ ∙ ௞ː௞˓ ∙ ݇˅ = ʹ,ͷ ∙ ͳ͵ͺ ∙ ଴,ଽଵ,ଷହ ∙ Ͳ,͹ͷ = ͳ͹͵ ˏଷ/˚,                (5.20) 
 
ɝɞɟ   ݇ː - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɥɧɟɧɢɹ ɤɨɜɲɚ, ݇ː = Ͳ,ͻ; ݇˓ - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɪɵɯɥɟɧɢɹ ɝɪɭɧɬɚ, ɞɥɹ ɫɤɚɥɵ  ݇˓ = ͳ,͵ͷ; ݇˅ - ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɧɭɬɪɢɫɦɟɧɧɨɝɨ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ ݇˅ =Ͳ,͹ͷ. ݊˙ - ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ ɜ ɱɚɫ: 
 ݊˙ = ଷ଺଴଴௧˙ = ଷ଺଴଴ଶ଺ = ͳ͵ͺ,          (5.21) 
ɝɞɟ   ݐ˙ - ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɰɢɤɥɚ ɷɤɫɤɚɜɚɬɨɪɚ: 
 ݐ˙ = ݐˍˑ˒ + ݐ˒ˑ˅ + ݐ˅˞ˆ˓ + ݐ˅ˑˊ˅˓ + ݐˑˉˋˇ;                                              (5.22) 
 ݐ˙ = ͳͲ + ͷ + ͵ + Ͷ + Ͷ = ʹ͸ ˔. 
 ܸ˅ ˞ˈˏ = ʜ˅˞ˈˏ ∙ ܾ ∙ ܮ = ͵ ∙ Ͷ͸ ∙ ͳͳͲ =15180 ɦ3 
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ȼɪɟɦɹ ɪɚɡɪɚɛɨɬɤɢ ɤɨɬɥɨɜɚɧɚ ɩɨɞ ɜɨɞɨɫɛɪɨɫɧɭɸ ɩɥɨɬɢɧɭ: 
 ݐ˅˞ˈˏ = 𝑉 ˞ˈˏʞˠ˚ = ଵହଵ଼଴ଵ଻ଷ = ͺͺ ˚˃˔ˑ˅.                             (5.23) 
 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɤɨɬɥɨɜɚɧɚ ɩɪɢ 2-ɯ ɫɦɟɧɧɨɣ ɪɚɛɨɬɟ 
ɫɨɫɬɚɜɢɬ 5,5 ɫɭɬɨɤ. 
Ⱦɥɹ ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɪɚɛɨɬɵ ɜɟɞɭɳɟɣ ɦɚɲɢɧɵ ɢ ɩɟɪɟɜɨɡɤɢ ɝɪɭɧɬɚ ɢɡ 
ɤɨɬɥɨɜɚɧɚ ɩɪɢɦɟɧɹɟɬɫɹ ɚɜɬɨɫɚɦɨɫɜɚɥ Ⱥɋ – 6890VO ɫɨ ɫɥɟɞɭɸɳɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ 18,7 ɬɨɧɧ;  
ɜɦɟɫɬɢɦɨɫɬɶ ɤɭɡɨɜɚ 31,2 ɦ3. 
 
ɋɤɨɪɨɫɬɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɝɪɭɧɬɚ ɩɨ ɫɬɪɨɢɬɟɥɶɧɨɣ ɞɨɪɨɝɟ: 
 
- ɝɪɭɠɟɧɵɣ ܸˆ˓ = ʹͲ ˍˏ/˚; 
- ɩɨɪɨɠɧɢɣ ܸ˒ ˑ˓ = ͵Ͳ ˍˏ/˚. 
 
ɋɨɝɥɚɫɧɨ ɫɬɪɨɣ-ɝɟɧɩɥɚɧɚ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɦɟɫɬɚ ɜɵɟɦɤɢ ɝɪɭɧɬɚ ɞɨ ɦɟɫɬɚ 
ɪɚɡɝɪɭɡɤɢ ɫɨɫɬɚɜɥɹɟɬ 1,5 ɤɦ.  
Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɨɜɲɟɣ ɝɪɭɧɬɚ ɜ ɟɦɤɨɫɬɢ ɚɜɬɨɫɚɦɨɫɜɚɥɚ: 
 ݍˍˑ˅ = ொ˔˃ˏఘ∙௡ˍˑ˅∙௞ː = ଵ଼,଻ଶ,ଷ∙ସ∙଴,ଽ = ʹ,ͷ ˏଷ,           (5.24) 
 ݊ˍˑ˅ = ொ˔˃ˏఘ∙௤ˍˑ˅∙௞ː = ଵ଼,଻ଶ,ଷ∙ଶ,ହ∙଴,ଽ = ͵,͸ = Ͷ ˍˑ˅˛˃,       (5.25) 
 
ɝɞɟ   ݇ː - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɥɧɟɧɢɹ ɤɨɜɲɚ, ݇ː = Ͳ,ͻ; ܳ˔˃ˏ - ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɫɚɦɨɫɜɚɥɚ, ܳ˔˃ˏ = ͳͺ,͹ ˕ˑːː; ߩ – ɩɥɨɬɧɨɫɬɶ ɝɪɭɧɬɚ, ߩ = ʹ,͵ ˕/ˏଷ. 
ȼɪɟɦɹ ɨɞɧɨɝɨ ɰɢɤɥɚ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɝɪɭɧɬɚ: 
 ݐ˙˃ = ௅˕𝑉 ˓ + ௅˕𝑉 ˑ˓ + (ݐ˓ + ݐˏ˃˛) = ଵ,ହଶ଴ + ଵ,ହଷ଴ + ሺͲ,͵ʹ + Ͳ,Ͳʹͳሻ = Ͳ,Ͷ͹ ˚.  (5.26) 
 
ɇɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɪɚɛɨɬɵ ɜɟɞɭɳɟɣ ɦɚɲɢɧɵ ɤɨɥɢɱɟɫɬɜɨ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɦɚɲɢɧ: 
 𝑁˃/˔ = ௧˙˃௧˙∙௡ˍˑ˅˛ = ଴,ସ଻∙ଷ଺଴଴ଷଵ∙ସ ≈ ͳͷ ˏ˃˛ˋː˞.        (5.27) 
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5.6.4 Ɋɚɫɱɟɬ ɤɨɬɥɨɜɚɧɚ II ɨɱɟɪɟɞɢ: 
 
 Ɋɢɫɭɧɨɤ 5.3−ɋɯɟɦɚ ɤɨɬɥɨɜɚɧɚ ɜɬɨɪɨɣ ɨɱɟɪɟɞɢ 
 
ɒɢɪɢɧɚ ɤɨɬɥɨɜɚɧɚ: 
 
ȼ = ʹ ∙ ܾ + ɋ + ʹℎɩɟɪ ∙ ɫݐ݃ߙ,                             (5.28) 
 
ȼ = ʹ ∙ ͳͲ + ͻʹ + ʹ ∙ ͳͲ,͸ ∙ ͳ,Ͷ = ͳͶʹ  ɦ.                                              
Ⱦɥɢɧɚ ɤɨɬɥɨɜɚɧɚ: 
 L = ܾ + ܽଵ ∙ ℎɩɟɪ + ܮɫ + ܮɭ;                                           (5.29) 
 L = ͳͲ + ͳͲ,͸ ∙ ͳ,Ͷ + ͸ͺ = ͻ͵ ˏ;                                                          
 
ɝɞɟ   ܮɫ −ɞɥɢɧɚ ɫɬɚɧɰɢɨɧɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ ɪɚɜɧɚ 68 ɦ.  
 
5.6.5 Ɉɫɭɲɟɧɢɟ ɤɨɬɥɨɜɚɧɚ II ɨɱɟɪɟɞɢ  
 ʡ଴ = ʜˑ˕ˍ௅బ = ଷ଴,ହ = ͸ ˔˖˕ˑˍ,          (5.30) 
 
ɝɞɟ   ʜˑ˕ˍ - ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɤɨɬɥɨɜɚɧɟ;  ܮ଴ - ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɨɫɭɲɟɧɢɹ ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ.  
 ܸˍ ˑ˕ = ʜˑ˕ˍ ∙ ܾ ∙ ܮ = ͵ ∙ ͳͶʹ ∙ ͻ͵ = ͵ͻ͸ͳͺ ˏଷ,                                      (5.31) 
 
ɝɞɟ   ܸˍ ˑ˕ – ɨɛɴɟɦ ɜɨɞɵ ɜ ɤɨɬɥɨɜɚɧɟ ɩɪɢ ܳɫɬɪ. 
 
Ɉɛɳɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚɫɨɫɨɜ:  
 ܳ = 𝑉 ˑ˕ʡబ = ଷଽ଺ଵ଼଺∙ଶସ = ʹ͹ͷ ˏଷ/˚˃˔,                  (5.32) 
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ȼɵɛɢɪɚɟɦ ɤɨɧɫɨɥɶɧɵɣ ɧɚɫɨɫ Ʉɇ-150-80-160 (ɦɨɳɧɨɫɬɶ 15 ɤȼɬ, ɩɨɞɚɱɚ 
100 ɦ3/ɱ, ɧɚɩɨɪ 32 ɦ), ɬɨɝɞɚ ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɨɫɨɜ ɛɭɞɟɬ ɪɚɜɧɵɦ:  
 
 𝑁 = ∑ ொ∙ଵ,ହଶଶ଴∙௧ = ଶ଻ହ∙ଵ,ହଵ଴଴ = Ͷ ˛˕.                                                                   (5.33) 
 
5.6.6 Ɋɚɡɪɚɛɨɬɤɚ ɤɨɬɥɨɜɚɧɚ ɩɨɞ ɫɬɚɧɰɢɨɧɧɭɸ ɱɚɫɬɶ ɩɥɨɬɢɧɵ, ɢ 
ɝɥɭɯɭɸ ɩɪɚɜɨɛɟɪɟɠɧɭɸ ɩɥɨɬɢɧɭ ɢ ɡɞɚɧɢɟ Ƚɗɋ. 
 
 Ɋɢɫɭɧɨɤ 5.4−ɋɯɟɦɚ ɤɨɬɥɨɜɚɧɚ ɩɨɞ ɫɬɚɧɰɢɨɧɧɭɸ ɱɚɫɬɶ ɩɥɨɬɢɧɵ 
 ܸ˅ ˞ˈˏ = ℎ ∙ ܾ ∙ ܮ = ͵ ∙ ͳʹʹ ∙ ͳͳͲ =40260 ɦ3.                                         (5.34) 
 
ȼɪɟɦɹ ɪɚɡɪɚɛɨɬɤɢ ɤɨɬɥɨɜɚɧɚ ɩɨɞ ɜɨɞɨɫɛɪɨɫɧɭɸ ɩɥɨɬɢɧɭ: 
 ݐ˅˞ˈˏ = 𝑉 ˞ˈˏʞˠ˚ = ସ଴ଶ଺଴ଵ଻ଷ = ʹ͵͵ ˚˃˔˃.                                                          (5.35) 
 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɟɦɤɢ ɝɪɭɧɬɚ ɩɪɢ 2-ɯ ɫɦɟɧɧɨɣ ɪɚɛɨɬɟ ɫɨɫɬɚɜɢɬ 
14.5 ɫɭɬɨɤ 
Ⱦɥɹ ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɪɚɛɨɬɵ ɜɟɞɭɳɟɣ ɦɚɲɢɧɵ ɢ ɩɟɪɟɜɨɡɤɢ ɝɪɭɧɬɚ ɢɡ 
ɤɨɬɥɨɜɚɧɚ ɩɪɢɦɟɧɹɟɬɫɹ ɚɜɬɨɫɚɦɨɫɜɚɥ Ⱥɋ – 6890VO ɫɨ ɫɥɟɞɭɸɳɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ 18,7 ɬɨɧɧ;  
ɜɦɟɫɬɢɬɟɥɶɧɨɫɬɶ ɤɭɡɨɜɚ 31,2 ɦ3. 
 
ɋɤɨɪɨɫɬɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɝɪɭɧɬɚ ɩɨ ɫɬɪɨɢɬɟɥɶɧɨɣ ɞɨɪɨɝɟ: 
 
- ɝɪɭɠɟɧɵɣ ܸˆ˓ = ʹͲ ˍˏ/˚; 
- ɩɨɪɨɠɧɢɣ ܸ˒ ˑ˓ = ͵Ͳ ˍˏ/˚. 
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ɋɨɝɥɚɫɧɨ ɫɬɪɨɣ-ɝɟɧɩɥɚɧɚ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɦɟɫɬɚ ɜɵɟɦɤɢ ɝɪɭɧɬɚ ɞɨ ɦɟɫɬɚ 
ɪɚɡɝɪɭɡɤɢ ɫɨɫɬɚɜɥɹɟɬ 1,5 ɤɦ.  
Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɨɜɲɟɣ ɝɪɭɧɬɚ ɜ ɟɦɤɨɫɬɢ ɚɜɬɨɫɚɦɨɫɜɚɥɚ: 
 ݍˍˑ˅ = ொ˔˃ˏఘ∙௡ˍˑ˅∙௞ː = ଵ଼,଻ଶ,ଷ∙ସ∙଴,ଽ = ʹ,ͷ ˏଷ,             
 ݊ˍˑ˅ = ொ˔˃ˏఘ∙௤ˍˑ˅∙௞ː = ଵ଼,଻ଶ,ଷ∙ଶ,ହ∙଴,ଽ = ͵,͸ = Ͷ ˍˑ˅˛˃,          
 
ɝɞɟ   ݇ː - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɥɧɟɧɢɹ ɤɨɜɲɚ, ݇ː = Ͳ,ͻ; ܳ˔˃ˏ - ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɫɚɦɨɫɜɚɥɚ, ܳ˔˃ˏ = ͳͺ,͹ ˕ˑːː; ߩ – ɩɥɨɬɧɨɫɬɶ ɝɪɭɧɬɚ, ߩ = ʹ,͵ ˕/ˏଷ. 
ȼɪɟɦɹ ɨɞɧɨɝɨ ɰɢɤɥɚ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɝɪɭɧɬɚ: 
 ݐ˙˃ = ௅˕𝑉 ˓ + ௅˕𝑉 ˑ˓ + (ݐ˓ + ݐˏ˃˛) = ଵ,ହଶ଴ + ଵ,ହଷ଴ + ሺͲ,͵ʹ + Ͳ,Ͳʹͳሻ = Ͳ,Ͷ͹ ˚.   
 
ɇɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɪɚɛɨɬɵ ɜɟɞɭɳɟɣ ɦɚɲɢɧɵ ɤɨɥɢɱɟɫɬɜɨ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɦɚɲɢɧ: 
 𝑁˃/˔ = ௧˙˃௧˙∙௡ˍˑ˅˛ = ଴,ସ଻∙ଷ଺଴଴ଷଵ∙ସ ≈ ͳͷ ˏ˃˛ˋː˞.         
 
5.7 Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ ɩɨ ɷɬɚɩɚɦ 
 
Ȼɟɬɨɧɧɨɟ ɯɨɡɹɣɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɦɩɥɟɤɫ ɭɫɬɪɨɣɫɬɜ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ ɧɭɠɧɨɦ ɨɛɴɟɦɟ ɢ ɧɭɠɧɨɝɨ 
ɤɚɱɟɫɬɜɚ. 
Ɉɫɧɨɜɧɵɦ ɢ ɨɩɪɟɞɟɥɹɸɳɢɦ ɭɡɥɨɦ ɛɟɬɨɧɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɹɜɥɹɟɬɫɹ 
ɛɟɬɨɧɧɵɣ ɡɚɜɨɞ. Ʉ ɟɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɪɟɠɢɦɭ ɪɚɛɨɬɵ 
ɩɪɢɫɩɨɫɚɛɥɢɜɚɸɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɫɬɚɥɶɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ 
ɛɟɬɨɧɧɨɝɨ ɯɨɡɹɣɫɬɜɚ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɛɟɬɨɧɧɨɝɨ ɡɚɜɨɞɚ ɢ ɟɝɨ ɫɨɫɬɚɜ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɪɟɛɭɟɦɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ. 
ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɨɪɝɚɧɢɡɨɜɚɧɧɨ ɧɚ ɩɪɢɨɛɴɟɤɬɧɨɦ 
ɛɟɬɨɧɧɨɦ ɡɚɜɨɞɟ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱɟɬɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ 
ɡɧɚɬɶ ɫɪɨɤ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɞɚɧɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ. 
 
Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɛɟɬɨɧɧɨɝɨ ɡɚɜɨɞɚ ɞɥɹ ɩɟɪɜɨɝɨ ɷɬɚɩɚ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ: 
 
ɑɚɫɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɛɟɬɨɧɧɨɝɨ ɡɚɜɨɞɚ: 
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ʞ˄.ˊ.˚ = ொ௄˚ʙˏ௝ʡ௠௡  ˏଷ/˚˃˔                                                                             (5.36) 
 ʞ˄.ˊ.˚ = ܳܭ˚ʙˏ݆ʡ݉݊ =  ʹͷͶ͵ʹ ∙ ͳ.͵ ∙ ͳ.ʹ ∙ Ͳ.ͺͷ͵ ∙ ʹͶ ∙ ͳͶ,ͷ = ͵ʹ ˏଷ˚˃˔, 
 
ɝɞɟ  Q - ɨɛɴɟɦ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ, ɦ3 ; 
Ɍ - ɩɪɢɧɹɬɵɣ ɫɪɨɤ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɦɟɫ; 
m - ɱɢɫɥɨ ɪɚɛɨɱɢɯ ɫɭɬɨɤ ɜ ɦɟɫɹɰɟ; 
n - ɱɢɫɥɨ ɪɚɛɨɱɢɯ ɱɚɫɨɜ ɜ ɫɭɬɤɚɯ; 
j = 0,85 - 0,9 - ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ ɛɟɬɨɧɧɨɝɨ 
ɯɨɡɹɣɫɬɜɚ; 
Ʉɱ =1,3 -1,4 - ɤɨɷɮɮɢɰɢɟɧɬ ɱɚɫɨɜɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɛɟɬɨɧɢɪɨɜɚɧɢɹ; 
Ʉɦ =1,2 - 2,0 - ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɹɱɧɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɛɟɬɨɧɢɪɨɜɚɧɢɹ. 
 
Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɛɟɬɨɧɧɨɝɨ ɡɚɜɨɞɚ ɞɥɹ ɜɬɨɪɨɝɨ ɷɬɚɩɚ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ: 
 ʞ˄.ˊ.˚ = ܳܭ˚ʙˏ݆ʡ݉݊ =  ͳͲʹͳͻ͸ ∙ ͳ.͵ ∙ ͳ.ʹ ∙ Ͳ.ͺͷͳʹ ∙ ʹͶ ∙ ͳͶ,ͷ = ͵Ͷ ˏଷ˚˃˔, 
 
Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɛɟɬɨɧɧɨɝɨ ɡɚɜɨɞɚ ɞɥɹ ɬɪɟɬɶɟɝɨ ɷɬɚɩɚ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ: 
 ʞ˄.ˊ.˚ = ܳܭ˚ʙˏ݆ʡ݉݊ =  ͳͶ͵ʹ͸Ͳ ∙ ͳ.͵ ∙ ͳ.ʹ ∙ Ͳ.ͺͷͳͶ ∙ ʹͶ ∙ ͳͶ,ͷ = ͵ͻ ˏଷ˚˃˔, 
 
Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɛɟɬɨɧɧɨɝɨ ɡɚɜɨɞɚ ɞɥɹ ɱɟɬɜɟɪɬɨɝɨ ɷɬɚɩɚ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ: 
 ʞ˄.ˊ.˚ = ܳܭ˚ʙˏ݆ʡ݉݊ =  ͳͻͷ͵Ͳ ∙ ͳ.͵ ∙ ͳ.ʹ ∙ Ͳ.ͺͷʹ ∙ ʹͶ ∙ ͳͶ,ͷ = ͵͹ ˏଷ˚˃˔, 
 
ɉɪɨɰɟɫɫ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɛɟɬɨɧɚ ɧɚ ɡɚɜɨɞɟ ɫɨɫɬɨɢɬ ɢɡ: 
- ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɫɨ ɫɤɥɚɞɨɜ, 
- ɞɨɡɢɪɨɜɚɧɢɹ ɢɯ, 
- ɡɚɝɪɭɡɤɢ ɜ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɶ, 
- ɩɟɪɟɦɟɲɢɜɚɧɢɹ; 
- ɜɵɝɪɭɡɤɢ. 
ȼɟɞɭɳɢɦ ɩɪɨɰɟɫɫɨɦ ɹɜɥɹɟɬɫɹ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɤɨɬɨɪɨɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɹɯ. ɉɨɷɬɨɦɭ ɩɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ 
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ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ ɜɵɛɢɪɚɟɬɫɹ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɶ ɫɬɚɰɢɨɧɚɪɧɵɣ 
C-350 ɫ ɞɜɢɝɚɬɟɥɟɦ ɬɢɩɚ Ʌ-3/2, ɛɟɧɡɢɧɨɜɵɣ, ɦɨɳɧɨɫɬɶɸ 3 ɥ.ɫ [4] 
ɑɚɫɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 
 ʞ˄.˔. = ܸܭ˅ݐଵ + ݐଶ + ݐଷ + ݐସ                                                                                   ሺͷ.͵͹ሻ 
 ʞ˄.˔. = ͷͲͲ ∙ Ͳ.ͷͳͷ + ͸Ͳ + ʹͲ = ʹ,͸ ˏଷ/˚˃˔; 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɛɟɬɨɧɧɵɣ ɡɚɜɨɞ ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɛɟɬɨɧɧɨɣ ɫɦɟɫɶɸ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ʉɭɸɫɫɤɨɣ Ƚɗɋ ɛɭɞɟɬ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ 4 ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 2,6 ɦ3/ɱɚɫ. 
ɏɨɡɹɣɫɬɜɨ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɦɟɳɚɬɶ ɤɚɤ ɦɨɠɧɨ ɛɥɢɠɟ ɤ ɫɨɨɪɭɠɟɧɢɹɦ ɞɥɹ 
ɫɨɤɪɚɳɟɧɢɹ ɜɪɟɦɟɧɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɛɟɬɨɧɚ, ɜ ɧɟɡɚɬɨɩɥɹɟɦɨɣ ɡɨɧɟ. 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɫɦɟɧɧɚɹ  ɉɛ.ɡ.ɫɦ ɢ ɫɭɬɨɱɧɚɹ ɉɛ.ɡɫɭɬ .ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
ɭɱɢɬɵɜɚɸɬ ɫɦɟɧɧɵɣ ɢ ɫɭɬɨɱɧɵɣ ɮɨɧɞɵ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɡɚɜɨɞɚ, ɤɨɬɨɪɵɟ 
ɭɱɢɬɵɜɚɸɬ ɪɚɡɥɢɱɧɵɟ ɩɟɪɟɪɵɜɵ ɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 
 
ɉɛ.ɡ.ɫɦ = ɉɛ.ɡ.ɱɚɫ Ɍɫɦ;                                                                                             ሺͷ.͵ͺሻ 
 
ɉɛ.ɡɫɭɬ = ɉɛ.ɡɱɚɫ Ɍɫɭɬ,                                                                                             ሺͷ.͵ͻሻ 
 
ɝɞɟ   ɉɛ.ɡ.ɱɚɫ – ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɛɟɬɨɧɧɨɝɨ ɡɚɜɨɞɚ. 
Ɍɫɦ - ɫɦɟɧɧɵɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɛɟɬɨɧɧɨɝɨ ɡɚɜɨɞɚ ɩɪɢɧɢɦɚɟɦ 6.6 ɱɚɫɨɜ ɞɥɹ 
ɋɢɛɢɪɢ. 
Ɍɫɭɬ – ɫɭɬɨɱɧɵɣ ɮɨɧɞ ɩɪɢɧɢɦɚɟɦ 14.5ɱɚɫɚ. 
 
ɉɛ.ɡ.ɫɦ = ɉɛ.ɡ.ɱɚɫ Ɍɫɦ = 10,4∙ 6.6 = 68,6 ɦ3 
 
ɉɛ.ɡɫɭɬ = ɉɛ.ɡɱɚɫ Ɍɫɭɬ = 10,4∙ 14,5 = 150,8 ɦ3  
 
Ɇɟɫɹɱɧɚɹ ɉɛ.ɡɦɟɫ ɢ ɝɨɞɨɜɚɹ ɉɛ.ɡ.ɝɨɞ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɩɪɟɞɟɥɹɸɬ ɩɨ 
ɮɨɪɦɭɥɚɦ: 
 
ɉɛ.ɡɦɟɫ = ɉɛ.ɡɫɭɬ Ɍɦɟɫ ; ,                                                                                         ሺͷ.ͶͲሻ 
 
ɉɛ.ɡ.ɝɨɞ  = ɉɛ.ɡɫɭɬ Ɍɝɨɞ ,                                                                                          ሺͷ.Ͷͳሻ 
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ɝɞɟ   Ɍɦɟɫ .= 27,7 ɫɭɬ.; Ɍɝɨɞ = 329 ɫɭɬ - ɦɟɫɹɱɧɵɣ ɢ ɝɨɞɨɜɨɣ ɮɨɧɞɵ ɜɪɟɦɟɧɢ 
ɪɚɛɨɬɵ. 
 
ɉɛ.ɡɦɟɫ =150,8∙  27,7=4177,2 ɦ3 ;  
 
ɉɛ.ɡ.ɝɨɞ  = 150,8∙ 329 =49613 ɦ3, 
 
Ɍɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 
 
Ɉɫɧɨɜɧɵɦ ɜɢɞɨɦ ɬɪɚɧɫɩɨɪɬɚ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɫ ɛɟɬɨɧɧɨɝɨ ɡɚɜɨɞɚ, 
ɧɚɯɨɞɹɳɢɣɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɛɨɥɟɟ 1 ɤɦ, ɹɜɥɹɸɬɫɹ ɚɜɬɨɦɨɛɢɥɢ-ɫɚɦɨɫɜɚɥɵ. 
Ɇɟɬɚɥɥɢɱɟɫɤɢɣ ɤɭɡɨɜ ɫɚɦɨɫɜɚɥɚ ɢɫɤɥɸɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɬɟɤɚɧɢɹ 
ɰɟɦɟɧɬɧɨɝɨ ɪɚɫɬɜɨɪɚ. 
Ɍɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɟ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜɨɡɦɨɠɧɨ ɢ ɜ ɤɨɧɬɟɣɧɟɪɚɯ, 
ɤɨɬɨɪɵɟ ɤ ɦɟɫɬɭ ɭɤɥɚɞɤɢ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɨɞɚɸɬɫɹ ɤɪɚɧɨɦ. 
 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɬɪɟщɢɧɧɨɫɬɨɣɤɨɫɬɢ ɢ 
ɩɪɨɱɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ:  
 
Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɬɪɟɳɢɧɨɨɛɪɚɡɨɜɚɧɢɹ ɢɥɢ ɫɜɟɞɟɧɢɟ ɢɯ ɤ 
ɦɢɧɢɦɭɦɭ ɜ ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ:  
- ɨɞɧɨɪɨɞɧɨɫɬɶ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɚɱɟɫɬɜɟɧɧɵɯ 
ɡɚɩɨɥɧɢɬɟɥɟɣ ɢ ɰɟɦɟɧɬɚ ɫ ɭɦɟɪɟɧɧɨɣ ɷɤɡɨɬɟɪɦɢɟɣ ɩɨɫɬɚɜɥɹɟɦɨɝɨ ɫ ɡɚɜɨɞɚ;  
- ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɫɧɢɠɟɧɢɟ ɪɚɫɯɨɞɚ ɰɟɦɟɧɬɚ;  
- ɨɯɥɚɠɞɟɧɢɟ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɪɨɰɟɫɫɟ 
ɟё ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɭɤɥɚɞɤɢ ɜ ɛɥɨɤɢ;  
- ɢɧɬɟɧɫɢɜɧɵɣ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɩɨɥɢɜ ɛɟɬɨɧɚ ɱɟɪɟɡ 18 - 20 ɱɚɫɨɜ ɩɨɫɥɟ 
ɨɤɨɧɱɚɧɢɹ ɛɟɬɨɧɢɪɨɜɚɧɢɹ ɢ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɩɪɨɱɧɨɫɬɢ σɫɠ > 1Ɇɉɚ;  
 
5.8 ɋɬɪɨɢɬɟɥɶɧɵɣ ɝɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ  
 
ɋɬɪɨɣɩɥɨɳɚɞɤɚ Ʉɭɸɫɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɩɪɚɜɨɦ ɛɟɪɟɝɭ ɢ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɭɸ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ ɛɚɡɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɡɞɚɧɢɣ ɢ 
ɫɨɨɪɭɠɟɧɢɣ, ɬɚɤɢɯ ɤɚɤ: ɛɟɬɨɧɧɨɟ ɯɨɡɹɣɫɬɜɨ, ɚɪɦɚɬɭɪɧɵɣ ɡɚɜɨɞ, ɨɩɚɥɭɛɨɱɧɵɣ 
ɰɟɯ, ɞɪɨɛɢɥɶɧɨ-ɩɪɨɦɵɜɨɱɧɨ-ɫɨɪɬɢɪɨɜɨɱɧɵɣ ɡɚɜɨɞ, ɫɤɥɚɞɵ ɨɫɧɨɜɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚɜɬɨɛɚɡɚ, ɛɚɡɚ ɦɟɯɚɧɢɡɚɰɢɢ, ɰɟɧɬɪɚɥɶɧɚɹ ɪɟɦɨɧɬɧɚɹ 
ɦɚɫɬɟɪɫɤɚɹ, ɫɬɪɨɢɬɟɥɶɧɚɹ ɥɚɛɨɪɚɬɨɪɢɹ ɢ ɜɪɟɦɟɧɧɚɹ ɫɬɨɥɨɜɚɹ.  
ɇɚ ɩɪɚɜɨɦ ɛɟɪɟɝɭ ɭɫɬɪɚɢɜɚɸɬ ɩɨɧɢɡɢɬɟɥɶɧɭɸ ɩɨɞɫɬɚɧɰɢɸ. ɉɪɨɟɡɞ ɫ 
ɩɪɚɜɨɝɨ ɛɟɪɟɝɚ ɧɚ ɥɟɜɵɣ ɩɨ ɩɨɫɬɪɨɟɧɧɨɦɭ ɦɨɫɬɭ. Ɍɚɤ ɠɟ ɛɵɥɢ ɩɪɨɥɨɠɟɧɵ 
ɞɨɪɨɝɢ ɢ ɨɪɝɚɧɢɡɨɜɚɧɵ ɩɪɨɟɡɞɵ ɤɨ ɜɫɟɦ ɩɥɨɳɚɞɤɚɦ, ɝɞɟ ɜɨɡɜɨɞɹɬɫɹ ɨɫɧɨɜɧɵɟ 
ɫɨɨɪɭɠɟɧɢɹ Ƚɍ. ɍɞɨɛɧɨɟ ɝɟɨɝɪɚɮɢɱɟɫɤɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɢ ɥɟɝɤɚɹ 
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ɞɨɫɬɭɩɧɨɫɬɶ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɨɛɨɫɧɨɜɵɜɚɟɬ ɢɦɟɧɧɨ ɬɚɤɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɫɬɪɨɣɩɥɨɳɚɞɤɢ.  
 
5.9 Ʉɚɥɟɧɞɚɪɧɵɣ ɩɥɚɧ  
 
ɇɚ ɤɚɥɟɧɞɚɪɧɨɦ ɩɥɚɧɟ Ʉɭɸɫɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɢɡɨɛɪɚɠɟɧɵ ɫɪɨɤɢ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɢɯ ɞɥɢɬɟɥɶɧɨɫɬɶ, ɪɚɡɛɢɬɚɹ ɩɨ ɷɬɚɩɚɦ. 
ɋɪɨɤ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝɢɞɪɨɭɡɥɚ 5 ɥɟɬ.  
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6 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ  
 
Ʉɭɸɫɫɤɢɣ ɝɢɞɪɨɭɡɟɥ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɜ Ⱥɥɬɚɣɫɤɨɦ ɤɪɚɟ Ɋɨɫɫɢɢ ɧɚ ɪɟɤɟ 
Ʉɚɬɭɧɶ.  Ȼɚɫɫɟɣɧ ɪɟɤɢ Ʉɚɬɭɧɶ ɪɚɫɩɨɥɨɠɟɧ ɜ ɬɚɟɠɧɨɣ ɡɨɧɟ.  
Ɋɟɤɚ Ʉɚɬɭɧɶ - ɤɪɭɩɧɟɣɲɚɹ ɪɟɤɚ ɧɚ Ⱥɥɬɚɟ. Ɉɧɚ ɛɟɪɟɬ ɧɚɱɚɥɨ ɧɚ ɸɠɧɨɦ 
ɫɤɥɨɧɟ Ʉɚɬɭɧɫɤɨɝɨ ɯɪɟɛɬɚ ɭ ɩɨɞɧɨɠɢɹ ɝɨɪɵ Ȼɟɥɭɯɢ. ȼɵɬɟɤɚɹ ɢɡ ɥɟɞɧɢɤɚ 
Ƚɟɛɥɟɪɚ (Ʉɚɬɭɧɫɤɨɝɨ) ɧɚ ɜɵɫɨɬɟ ɨɤɨɥɨ 2000 ɦɟɬɪɨɜ, Ʉɚɬɭɧɶ ɩɪɨɬɟɤɚɟɬ ɩɨ 
ɬɟɪɪɢɬɨɪɢɢ Ɋɟɫɩɭɛɥɢɤɢ Ⱥɥɬɚɣ ɢ Ⱥɥɬɚɣɫɤɨɝɨ ɤɪɚɹ, ɝɞɟ, ɜ 10 ɤɢɥɨɦɟɬɪɚɯ 
ɸɠɧɟɟ ɝɨɪɨɞɚ Ȼɢɣɫɤ ɫɥɢɜɚɹɫɶ ɫ ɪɟɤɨɣ Ȼɢɹ, ɨɛɪɚɡɭɟɬ ɤɪɭɩɧɟɣɲɭɸ ɫɢɛɢɪɫɤɭɸ 
ɪɟɤɭ - Ɉɛɶ. Ⱦɥɢɧɚ Ʉɚɬɭɧɢ 688 ɤɢɥɨɦɟɬɪɨɜ, ɢɡ ɧɢɯ 97 ɤɢɥɨɦɟɬɪɨɜ ɪɟɤɚ ɬɟɱɟɬ 
ɩɨ ɬɟɪɪɢɬɨɪɢɢ Ⱥɥɬɚɣɫɤɨɝɨ ɤɪɚɹ. ȼ ɪɚɣɨɧɟ ɫɬɜɨɪɚ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ Ʉɭɸɫɫɤɨɝɨ 
ɝɢɞɪɨɭɡɥɚ Ʉɥɢɦɚɬ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ. ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɹɧɜɚɪɹ — -18 ɋ, 
ɢɸɥɹ — +18,9 ɋ. Ƚɨɞɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɬɦɨɫɮɟɪɧɵɯ ɨɫɚɞɤɨɜ — 520 ɦɦ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ Ʉɚɬɭɧɢ ɧɟ ɩɨɞɧɢɦɚɟɬɫɹ ɜɵɲɟ 13–15°ɋ ɞɚɠɟ ɜ ɢɸɥɟ.  
Ʉɚɱɟɫɬɜɨ ɜɨɞɵ ɜ ɪɟɤɟ Ʉɚɬɭɧɶ ɜ ɫɬɜɨɪɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɨɛɭɫɥɨɜɥɟɧɨ 
ɧɚɥɢɱɢɟɦ ɩɥɚɜɚɸɳɟɣ ɞɪɟɜɟɫɢɧɵ, ɨɫɬɚɜɲɟɣɫɹ ɨɬ ɩɪɨɜɨɞɢɜɲɢɯɫɹ ɪɚɧɟɟ 
ɥɟɫɨɡɚɝɨɬɨɜɨɤ, ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɜ ɜɨɞɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɮɟɧɨɥɵ.  
ɉɨ ɪɟɱɧɵɦ ɞɨɥɢɧɚɦ ɜɫɬɪɟɱɚɸɬɫɹ ɜɢɞɵ ɮɥɨɪɵ ɢ ɮɚɭɧɵ ɡɚɧɟɫɟɧɧɵɟ ɜ 
Ʉɪɚɫɧɭɸ ɤɧɢɝɭ ɊɎ. 
Ⱦɨɥɢɧɚ ɛɨɝɚɬɚ ɫɚɦɨɣ ɪɚɡɧɨɨɛɪɚɡɧɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɶɸ, ɥɟɤɚɪɫɬɜɟɧɧɵɦɢ 
ɬɪɚɜɚɦɢ, ɰɜɟɬɚɦɢ, ɹɝɨɞɚɦɢ, ɚ ɬɚɤɠɟ ɠɢɜɨɬɧɵɦ ɦɢɪɨɦ, ɝɨɪɧɵɦɢ ɩɨɪɨɞɚɦɢ ɢ 
ɦɢɧɟɪɚɥɚɦɢ, ɩɟɳɟɪɚɦɢ, ɚɪɠɚɧɚɦɢ. ɇɟɨɬɪɚɡɢɦɵ ɨɬɜɟɫɧɵɟ ɫɤɚɥɵ, ɛɨɦɵ, 
ɩɨɪɨɝɢ, ɭɳɟɥɶɹ, ɜɨɞɨɩɚɞɵ.  
Ɏɚɭɧɚ ɨɱɟɧɶ ɪɚɡɧɨɨɛɪɚɡɧɚ. ȼ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝɢɞɪɨɭɡɥɚ ɦɨɠɧɨ 
ɜɫɬɪɟɬɢɬɶ ɠɢɜɨɬɧɵɯ: ɜɨɥɤ, ɦɟɞɜɟɞɶ, ɥɢɫɢɰɚ, ɪɵɫɶ, ɪɨɫɨɦɚɯɚ, ɫɨɛɨɥɶ, ɛɟɥɤɚ ɢ 
ɬ.ɞ. ȼɨɞɵ ɪɟɤɢ Ʉɚɬɭɧɶ ɛɨɝɚɬɵ ɪɚɡɥɢɱɧɵɦɢ ɪɵɛɚɦɢ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɫɥɟɞɭɸɳɢɦɢ ɜɢɞɚɦɢ: ɯɚɪɢɭɫ, ɬɚɣɦɟɧɶ, ɚ ɜ ɧɢɡɨɜɶɹɯ ɩɨɹɜɥɹɸɬɫɹ ɳɭɤɚ, ɨɤɭɧɶ, 
ɧɚɥɢɦ. 
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ʉɭɸɫɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ 
ɧɚɯɨɞɹɬɫɹ ɜɢɞɵ ɪɚɫɬɟɧɢɣ ɢ ɠɢɜɨɬɧɵɯ (ɩɬɢɰ) ɡɚɧɟɫɟɧɧɵɯ ɜ Ʉɪɚɫɧɭɸ ɤɧɢɝɭ 
ɊɎ, ɫ ɧɚɱɚɥɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɦɨɧɢɬɨɪɢɧɝ ɱɢɫɥɟɧɧɨɫɬɢ 
ɤɪɚɫɧɨɤɧɢɠɧɵɯ ɜɢɞɨɜ ɫ ɰɟɥɶɸ ɪɚɡɪɚɛɨɬɤɢ ɦɟɪɨɩɪɢɹɬɢɣ. ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɪɚɫɬɢɬɟɥɶɧɵɣ ɢ ɠɢɜɨɬɧɵɣ ɦɢɪ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɜ ɩɪɨɰɟɫɫɟ ɞɚɥɶɧɟɣɲɟɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɚɧɰɢɢ, ɚ ɬɚɤɠɟ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɪɢɱɢɧɟɧɧɨɝɨ 
ɭɳɟɪɛɚ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɫɨɡɞɚɧɢɹ Ʉɭɸɫɫɤɨɣ Ƚɗɋ.  
 
6.1 ɉɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ   
 
ȼ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɪɚɣɨɧɟ ɝɢɞɪɨɭɡɥɚ ɧɚɪɭɲɚɟɬɫɹ ɟɫɬɟɫɬɜɟɧɧɵɣ 
ɥɚɧɞɲɚɮɬ. ȼ ɫɜɹɡɢ ɫ ɩɪɨɤɥɚɞɤɨɣ ɞɨɪɨɝ, ɩɨɫɬɪɨɣɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɣ ɛɚɡɵ ɢ 
ɩɨɫɟɥɤɚ ɪɟɡɤɨ ɜɨɡɪɚɫɬɟɬ ɭɪɨɜɟɧɶ ɲɭɦɚ. ȼɨɞɚ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɞɥɹ 
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ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ, ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɪɟɤɭ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦɢ 
ɩɪɢɦɟɫɹɦɢ. Ɉɧɚ ɡɚɝɪɹɡɧɹɟɬɫɹ ɬɚɤɠɟ ɤɨɦɦɭɧɚɥɶɧɨ-ɛɵɬɨɜɵɦɢ ɫɬɨɤɚɦɢ 
ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɨɫɟɥɤɚ. ȼ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚɱɢɧɚɟɬɫɹ ɩɨɞɴɟɦ ɜɨɞɵ ɜ 
ɜɟɪɯɧɟɦ ɛɶɟɮɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɡɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢɡɦɟɧɹɟɬɫɹ ɪɚɫɯɨɞ 
ɜɨɞɵ ɢ ɟɟ ɭɪɨɜɟɧɶ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ.  
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɥɟɠɚɳɟɝɨ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɜ ɡɨɧɟ ɜɨɞɨɯɪɚɧɢɥɢɳ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɩɨɥɧɚɹ ɥɟɫɨɨɱɢɫɬɤɚ ɢ ɫɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɥɨɠɚ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɞɨ ɟɝɨ ɡɚɬɨɩɥɟɧɢɹ. Ʌɟɫɨɨɱɢɫɬɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɦɚɤɫɢɦɚɥɶɧɨ 
ɜɨɡɦɨɠɧɵɦ ɯɨɡɹɣɫɬɜɟɧɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɪɟɜɟɫɢɧɵ. ɋɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɬɨɤɚ.  
 
6.2 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
 
Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɢɧɠɟɧɟɪɧɨɣ ɡɚɳɢɬɟ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɢɟ: 
- ɬɟɯɧɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ, ɢɫɤɥɸɱɚɸɳɢɟ ɡɚɬɨɩɥɟɧɢɟ ɢ ɩɨɞɬɨɩɥɟɧɢɟ 
ɨɫɬɚɜɥɹɟɦɵɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, ɩɪɟɞɩɪɢɹɬɢɣ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɧɨɪɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɢ ɛɵɬɚ ɧɚɫɟɥɟɧɢɹ;  
- ɬɟɯɧɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɞɪɟɧɢɪɨɜɚɧɢɸ ɟɫɬɟɫɬɜɟɧɧɨɝɨ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɬɨɤɚ ɫ ɫɨɛɫɬɜɟɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ ɢɧɠɟɧɟɪɧɨɣ ɡɚɳɢɬɵ; 
- ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɫɚɧɢɬɚɪɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɬɟɪɪɢɬɨɪɢɢ ɡɚɬɨɩɥɟɧɢɹ; 
ɉɪɢ ɫɨɡɞɚɧɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɨɪɝɚɧɢɡɚɰɢɹ 
ɜɨɞɨɨɯɪɚɧɧɨɣ ɡɨɧɵ, ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɤɨɬɨɪɨɣ ɩɥɚɧɢɪɭɸɬɫɹ ɡɚɳɢɬɧɵɟ 
ɥɟɫɨɧɚɫɚɠɞɟɧɢɹ ɢ ɥɟɫɨɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ.  
ȼ ɩɪɟɞɟɥɚɯ ɜɨɞɨɨɯɪɚɧɧɵɯ ɡɨɧ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɩɪɢɛɪɟɠɧɵɟ ɡɚɳɢɬɧɵɟ 
ɩɨɥɨɫɵ, ɧɚ ɬɟɪɪɢɬɨɪɢɹɯ ɤɨɬɨɪɵɯ ɜɜɨɞɹɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ 
ɯɨɡɹɣɫɬɜɟɧɧɨɣ ɢ ɢɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ.  
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɨɛɥɸɞɟɧɢɹ ɪɟɠɢɦɚ ɜɨɞɨɨɯɪɚɧɧɵɯ ɡɨɧ ɢ ɝɪɚɧɢɰ 
ɩɪɢɛɪɟɠɧɵɯ ɡɚɳɢɬɧɵɯ ɩɨɥɨɫ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɞɟɧɢɟ ɫɥɟɞɭɸɳɢɯ 
ɦɟɪɨɩɪɢɹɬɢɣ:  
- ɡɚɤɪɟɩɥɟɧɢɟ ɧɚ ɦɟɫɬɧɨɫɬɢ ɝɪɚɧɢɰ ɜɨɞɨɨɯɪɚɧɧɵɯ ɡɨɧ ɢ ɝɪɚɧɢɰ 
ɩɪɢɛɪɟɠɧɵɯ ɡɚɳɢɬɧɵɯ ɩɨɥɨɫ ɫɩɟɰɢɚɥɶɧɵɦɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦɢ ɡɧɚɤɚɦɢ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɟɦɟɥɶɧɵɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ;  
- ɡɚɩɪɟɳɚɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɚɜɢɚɰɢɨɧɧɨ-ɯɢɦɢɱɟɫɤɢɯ ɪɚɛɨɬ;  
- ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɜɨɡɧɵɯ ɫɬɨɤɨɜ ɞɥɹ ɭɞɨɛɪɟɧɢɹ ɩɨɱɜ;  
 
ȼ ɝɪɚɧɢɰɚɯ ɜɨɞɨɨɯɪɚɧɧɵɯ ɡɨɧ ɞɨɩɭɫɤɚɸɬɫɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ, 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɪɟɤɨɧɫɬɪɭɤɰɢɹ, ɜɜɨɞ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɷɤɫɩɥɭɚɬɚɰɢɹ 
ɯɨɡɹɣɫɬɜɟɧɧɵɯ ɢ ɢɧɵɯ ɨɛɴɟɤɬɨɜ ɩɪɢ ɭɫɥɨɜɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɚɤɢɯ ɨɛɴɟɤɬɨɜ 
ɫɨɨɪɭɠɟɧɢɹɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɨɯɪɚɧɭ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɨɬ ɡɚɝɪɹɡɧɟɧɢɹ, 
ɡɚɫɨɪɟɧɢɹ ɢ ɢɫɬɨɳɟɧɢɹ ɜɨɞ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ, ɨɯɪɚɧɚ, ɡɚɳɢɬɚ, ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɨ 
ɥɟɫɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɜɨɞɨɨɯɪɚɧɧɵɯ ɡɨɧɚɯ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ɥɟɫɧɵɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ. ɇɨ ɫɨɛɥɸɞɟɧɢɟ ɪɟɠɢɦɚ ɜɨɞɨɨɯɪɚɧɧɵɯ ɡɨɧ ɧɟ 
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ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɡɚɩɪɟɬ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɛɟɪɟɝɨɭɤɪɟɩɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɩɨ 
ɛɟɪɟɝɚɦ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ.  
ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɫɬɪɨɢɬɟɥɶɧɵɯ ɩɥɚɧɨɜ ɧɟɨɛɯɨɞɢɦɨ ɪɚɰɢɨɧɚɥɶɧɨ 
ɜɵɛɢɪɚɬɶ ɤɚɪɶɟɪɵ, ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɫɬɪɨɢɬɟɥɶɧɨɣ ɛɚɡɵ, ɞɨɪɨɝ ɢ ɬ.ɩ.  
Ʉ ɦɨɦɟɧɬɭ ɡɚɜɟɪɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɨɜɟɞɟɧɵ 
ɪɟɤɭɥɶɬɢɜɚɰɢɹ ɧɚɪɭɲɟɧɧɵɯ ɡɟɦɟɥɶ ɢ ɨɡɟɥɟɧɟɧɢɟ ɬɟɪɪɢɬɨɪɢɢ. Ⱦɥɹ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɢɥɢ ɭɦɟɧɶɲɟɧɢɹ ɩɟɪɟɪɚɛɨɬɤɢ ɛɟɪɟɝɨɜ ɢɯ ɭɤɪɟɩɥɹɸɬ.  
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɟɨɛɯɨɞɢɦɚ 
ɨɱɢɫɬɤɚ ɨɬ ɞɪɟɜɟɫɧɨɣ ɢ ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ, ɜ ɩɪɨɰɟɫɫɟ 
ɥɟɫɨɫɜɨɞɤɢ ɛɭɞɟɬ ɨɛɪɚɡɨɜɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɪɟɜɟɫɧɵɯ ɨɬɯɨɞɨɜ.  
 
6.3 ɉɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ 
 
ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɧɨɫɬɨɪɨɧɧɟɟ ɜɥɢɹɧɢɟ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. Ƚɢɞɪɨɬɟɯɧɢɱɟɫɤɢɟ ɫɨɨɪɭɠɟɧɢɹ ɞɨɥɠɧɵ 
ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶɫɹ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ ɨɛ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.  
ȼ ɰɟɥɹɯ ɤɨɧɬɪɨɥɹ ɢ ɫɨɜɪɟɦɟɧɧɨɝɨ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɣ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɧɚ Ƚɗɋ ɧɟɨɛɯɨɞɢɦɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɧɚɛɥɸɞɟɧɢɹ ɡɚ:  
- ɩɪɨɬɟɱɤɚɦɢ ɢ ɭɬɟɱɤɚɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɚɫɟɥ;  
- ɤɚɱɟɫɬɜɨɦ ɫɛɪɚɫɵɜɚɟɦɨɣ ɩɨɫɥɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɜɨɞɵ;  
- ɤɚɱɟɫɬɜɨɦ ɫɛɪɚɫɵɜɚɟɦɵɯ ɫɬɨɱɧɵɯ ɜɨɞ. 
 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɧɚɛɥɸɞɟɧɢɣ ɩɪɢɧɢɦɚɸɬɫɹ ɪɟɲɟɧɢɹ ɨ ɧɟɨɛɯɨɞɢɦɵɯ 
ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɯ ɦɟɪɨɩɪɢɹɬɢɹɯ.  
 
6.4 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɡɚɳɢɬɟ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɢ ɠɢɜɨɬɧɨɝɨ ɦɢɪɚ 
 
Ȼɭɞɟɬ ɩɪɨɢɡɜɟɞɟɧɨ ɥɟɫɨɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɜɡɚɦɟɧ ɡɚɬɨɩɥɟɧɧɵɯ ɥɟɫɧɵɯ 
ɩɥɨɳɚɞɟɣ, ɜɵɧɨɫ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ ɪɟɞɤɢɯ, ɪɟɥɢɤɬɨɜɵɯ ɢ ɤɪɚɫɧɨɤɧɢɠɧɵɯ 
ɜɢɞɨɜ ɪɚɫɬɟɧɢɣ. 
Ȼɢɨɥɨɝɢɱɟɫɤɚɹ ɦɟɥɢɨɪɚɰɢɹ ɪɟɤɢ Ʉɚɬɭɧɶ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɨ 
ɪɵɛɨɪɚɡɜɨɞɧɵɯ ɯɨɡɹɣɫɬɜ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɜ ɫɱɟɬ 
ɤɨɦɩɟɧɫɚɰɢɢ ɭɳɟɪɛɚ ɰɟɧɧɵɦ ɩɨɪɨɞɚɦ ɪɵɛɵ (ɬɚɣɦɟɧɸ), ɩɪɢɱɢɧɟɧɧɵɦ ɩɪɢ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ Ƚɗɋ.  
 Ɉɫɧɨɜɧɵɟ ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɜ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɫɬɚɧɰɢɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.1. 
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Ɍɚɛɥɢɰɚ 6.1 - Ɉɫɧɨɜɧɵɟ ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ 
 
№ Ɇɟɪɨɩɪɢɹɬɢɹ ɋɪɨɤ ɢɫɩɨɥɧɟɧɢɹ 
1. Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɟ 
.1 
Ɋɚɡɪɚɛɨɬɤɚ ɢ ɫɨɝɥɚɫɨɜɚɧɢɟ ɩɪɨɟɤɬɚ ɧɨɪɦɚɬɢɜɨɜ 
ɩɪɟɞɟɥɶɧɨ - ɞɨɩɭɫɬɢɦɵɯ ɜɵɛɪɨɫɨɜ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ 
ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ (ɉȾȼ) 
1 ɪɚɡ ɜ 5 ɥɟɬ 
.2 
Ɋɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɚ ɧɨɪɦɚɬɢɜɨɜ 
ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɢ ɥɢɦɢɬɨɜ ɧɚ ɢɯ ɪɚɡɦɟɳɟɧɢɟ (ɉɇɈɈɅɊ) 1 ɪɚɡ ɜ 5 ɥɟɬ 
.3 
ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɫɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ 
ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ 1 ɪɚɡ ɜ 5 ɥɟɬ 
.4 
ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɜɵɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ 
ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ 1 ɪɚɡ ɜ 5 ɥɟɬ 
.5 
Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 
ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɉɨɫɬɨɹɧɧɨ 
.6 
Ɋɚɡɪɚɛɨɬɤɚ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɯ 
ɦɟɪɨɩɪɢɹɬɢɣ ȿɠɟɝɨɞɧɨ 
2. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
.1 
Ɇɨɞɟɪɧɢɡɚɰɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɡɚɦɟɧɨɣ ɧɚ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɫ ɦɟɧɶɲɢɦɢ ɲɭɦɨɜɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɉɪɢ 
ɩɪɨɜɟɞɟɧɢɢ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
.2 
Ɉɛɨɪɭɞɨɜɚɧɢɟ ɦɚɫɥɨɯɨɡɹɣɫɬɜɚ ɦɚɫɥɨɨɱɢɫɬɢɬɟɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɨɣ 
ɉɪɢ 
ɩɪɨɜɟɞɟɧɢɢ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
.3 
ɉɟɪɟɧɨɫ ɲɭɦɨɩɪɨɢɡɜɨɞɹɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ 
ɨɬɤɪɵɬɵɯ ɩɥɨɳɚɞɨɤ ɜ ɡɚɤɪɵɬɵɟ ɩɨɦɟɳɟɧɢɹ 
ɉɪɢ 
ɩɪɨɜɟɞɟɧɢɢ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
3. ɋɚɧɢɬɚɪɧɨ - ɬɟɯɧɢɱɟɫɤɢɟ 
.1 
Ɋɚɡɞɟɥɶɧɨɟ ɧɚɤɨɩɥɟɧɢɟ ɨɩɚɫɧɵɯ ɨɬɯɨɞɨɜ ɩɨ ɜɢɞɚɦ 
ɨɬɯɨɞɨɜ ɢ ɤɥɚɫɫɚɦ ɨɩɚɫɧɨɫɬɢ  - 
.2 
Ɉɪɝɚɧɢɡɚɰɢɹ ɤɨɧɬɪɨɥɹ ɡɚ ɫɨɛɥɸɞɟɧɢɟɦ 
ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɯ ɧɨɪɦɚɬɢɜɨɜ  ɉɨɫɬɨɹɧɧɨ 
.3 
ɋɨɛɥɸɞɟɧɢɟ ɪɟɠɢɦɚ ɯɨɡɹɣɫɬɜɨɜɚɧɢɹ ɜ ɜɨɞɨɨɯɪɚɧɧɨɣ 
ɡɨɧɟ ɪɟɤɢ Ʉɚɬɭɧɶ ɉɨɫɬɨɹɧɧɨ 
  
7 Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɪɚɫɱɟɬ ɪɚɫɯɨɞɨɜ ɧɚ 
ɩɪɨɟɤɬ 
 
7.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɛɴёɦɨɜ ɝɟɧɟɪɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ  
 
Ɂɚɬɪɚɬɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɧɚɡɵɜɚɸɬɫɹ ɬɟɤɭɳɢɦɢ 
ɪɚɫɯɨɞɚɦɢ ɢɥɢ ɢɡɞɟɪɠɤɚɦɢ ɩɪɨɢɡɜɨɞɫɬɜɚ. ȼ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɫɨɡɞɚɧɢɟ 
ɩɪɨɞɭɤɰɢɢ ɫɜɹɡɚɧɨ ɫ ɨɛɫɥɭɠɢɜɚɧɢɟɦ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ, ɬɟɤɭɳɢɟ 
ɡɚɬɪɚɬɵ ɧɚɡɵɜɚɸɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɪɚɫɯɨɞɚɦɢ. ɉɪɢ ɷɬɨɦ ɷɤɨɧɨɦɢɱɟɫɤɚɹ 
ɫɭɳɧɨɫɬɶ ɜɫɟɯ ɨɩɪɟɞɟɥɟɧɢɣ ɟɞɢɧɚ – ɷɬɨ ɞɟɧɟɠɧɵɟ ɫɪɟɞɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɵɟ 
ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
Ƚɗɋ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɩɪɨɞɚɠ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 
ɬɚɛɥɢɰɟ 7.1.  
 
Ɍɚɛɥɢɰɚ 7.1 – Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɩɪɨɞɚɠ ɜɩɟɪɜɵɟ ɝɨɞɵ ɜɵɩɭɫɤɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɨɤɚɡɚɬɟɥɹ 
ȿɞɢɧɢɰɚ 
ɢɡɦɟɪɟɧɢɹ 
ɂɧɬɟɪɜɚɥɵ ɩɥɚɧɢɪɨɜɚɧɢɹ (ɝɨɞɵ) 
2020 ɝ. 2021 ɝ. 2022 ɝ. 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ Ɇȼɬ 262 262 262 
ɑɢɫɥɨ ɱɚɫɨɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ 
ɑɚɫɵ 6700,00 6700,00 6700,00 
ȼɵɪɚɛɨɬɤɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇȼɬ*ɱ 2 462 400,00 2 462 400,00 2 462 400,00 
Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ % 2 2 2 
Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ Ɇȼɬ*ɱ 49 248,00 49 248,00 49 248,00 
Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇȼɬ*ɱ 2 413 152,00 2 413 152,00 2 413 152,00 
Ɍɚɪɢɮ ɧɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ Ɋɭɛ./ Ɇȼɬ*ɱ 1 189,00 1 232,00 1 271,00 
ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇɥɧ.ɪɭɛ. 239,10 247,75 255,59 
ɇȾɋ ɤ ɜɵɪɭɱɤɟ Ɇɥɧ.ɪɭɛ. 36,47 37,79 38,98 
 
7.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ  
 
Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɜɵɩɨɥɧɹɟɦ ɧɚ ɨɫɧɨɜɚɧɢɢ ȿɞɢɧɵɯ 
ɫɰɟɧɚɪɧɵɯ ɭɫɥɨɜɢɣ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017 - 2042 ɝɝ. (ɩɪɢɤɚɡ ɉȺɈ 
«ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 ɝ. №9) ɫ ɭɱɟɬɨɦ ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  
 
Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ:  
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- ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ;  
- ɪɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ;  
- ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
- ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ; ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ;  
- ɧɚɥɨɝ ɧɚ ɜɨɞɭ.  
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɦ, ɢɫɯɨɞɹ ɢɡ ɫɪɟɞɧɟɝɨ ɫɪɨɤɚ 
ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.  
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (ɨɩɥɚɬɚ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ, 
ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ) ɩɨ Ƚɗɋ ɨɩɪɟɞɟɥɹɟɦ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ.  
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɭɪɨɜɧɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 7.2.  
 
Ɍɚɛɥɢɰɚ 7.2 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɝɢɞɪɨɭɡɥɚ ɜɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ (ɬɵɫ.ɪɭɛ/Ɇȼɬ) ȼɟɥɢɱɢɧɚ, ɦɥɧ.ɪɭɛ. 
ɎɈɌ 255,2 69,48 
ɉɪɨɱɢɟ 274,0 75,24 
ɂɬɨɝɨ ɩɨ Ƚɗɋ  144,72 
 
Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɪɚɫɫɱɢɬɚɧɵ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ȿɞɢɧɵɯ ɫɰɟɧɚɪɧɵɯ ɭɫɥɨɜɢɣ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017 - 2042 ɝɝ. 
(ɩɪɢɤɚɡ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 ɝ. №9), ɬɚɛɥɢɰɚ 7.3.  
 
Ɍɚɛɥɢɰɚ 7.3 – Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ ȼɟɥɢɱɢɧɚ ɦɥɧ.ɪɭɛ. 
ɈȺɈ «ɋɈ–ȿɗɋ» 135380 ɪɭɛ.ɡɚ1Ɇȼɬ 38,58 
ɇɉȺɌɋ (ɚɞɦɢɧɢɫɬɪɚɬɨɪ ɬɨɪɝɨɜɨɣ ɫɢɫɬɟɦɵ) 1,097 ɪɭɛ.ɡɚ1Ɇȼɬ.ɱ 2,70 
ɐɎɊ (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ ɪɚɫɱɟɬɨɜ) 0,318 ɪɭɛ.ɡɚ1Ɇȼɬ.ɱ 0,78 
ɂɬɨɝɨ  42,04 
 
Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 7.4.  
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Ɍɚɛɥɢɰɚ 7.4 - Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ  
ɇɚɢɦɟɧɨɜɚɧɢɟ 2020 2021 2022 2023 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ 217,70 217,70 217,70 217,70 
Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ 62,96 60,90 58,81 56,72 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ 144,72 144,72 144,72 144,72 
Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ 47,22 45,67 66,16 63,81 
Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ 42,06 42,06 42,06 42,06 
ɇɚɥɨɝ ɧɚ ɜɨɞɭ 10,83 11,82 11,82 11,82 
ɂɬɨɝɨ 525,49 522,87 541,27 536,83 
 
ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 7.1. 
 
 Ɋɢɫɭɧɨɤ 7.1– Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ, % 
 
7.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ  
 
ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɹɜɥɹɸɬɫɹ ɤɪɭɩɧɨɣ ɫɬɚɬɶɟɣ ɨɬɬɨɤɨɜ ɞɟɧɟɠɧɵɯ 
ɫɪɟɞɫɬɜ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɢɯ ɱɚɫɬɶ ɨɬɱɢɫɥɹɟɬɫɹ 
ɜ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ. ɋɭɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɜɟɞɟɧɢɹ ɥɶɝɨɬɧɨɝɨ 
ɩɟɪɢɨɞɚ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɥɢɹɟɬ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ Ƚɗɋ.  
 
ɍɱɬɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɥɨɝɢ:  
- ɇȾɋ-18% (ɨɬ ɞɨɛɚɜɥɟɧɧɨɣ ɫɬɨɢɦɨɫɬɢ);  
- ɜɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ - 34% (ɨɬ ɮɨɧɞɚ ɨɩɥɚɬɵ ɬɪɭɞɚ);  
- ɧɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ - 2,2 % (ɨɬ ɨɫɬɚɬɨɱɧɨɣ ɫɬɨɢɦɨɫɬɢ ɩɪɨɟɤɬɚ);  
- ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ - 20 % (ɨɬ ɧɚɥɨɝɨɨɛɥɚɝɚɟɦɨɣ ɩɪɢɛɵɥɢ);  
- ɧɚɥɨɝ ɧɚ ɜɨɞɭ ɧɚ 1 ɬɵɫ. ɤȼɬ ɱ – 4,8 ɪɭɛ.  
41%
12%
28%
9%
8%
2%
А̥о̬т̶̛̛̌̚о̦̦ые отч̛̭ле̛̦я, 
̥л̦.ˀу̍ле̜
ˀ̵̭̌оды ̦̌ ̭т̵̬̌о̛̦̏̌е, ̥л̦.ˀу̍ле̜
Эк̭плу̌т̶̛̌о̦̦ые ̌̚т̬̌ты, ̥л̦.ˀу̍ле̜
ˀ̵̭̌оды ̦̌ ̬е̥о̦т п̬о̛̏̚од̭т̏е̦̦ы̵ 
̴о̦до̏, ̥л̦.ˀу̍ле̜
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ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 7.5 
 
Ɍɚɛɥɢɰɚ 7.5 - ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɇɚɥɨɝɢ 2021 2022 2023 2024 
ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ 2,36 2,36 2,36 2,36 
ɇȾɋ 462,78 489,54 504,43 518,85 
ȼɡɧɨɫɵ ɜ 
ɫɨɰɢɚɥɶɧɵɟ 
ɮɨɧɞɵ 
19,40 19,40 19,40 19,40 
ɇɚɥɨɝ ɧɚ 
ɢɦɭɳɟɫɬɜɨ 140,95 136,11 131,32 126,53 
 
ɇɚɥɨɝɢ ɧɚ ɩɪɢɛɵɥɶ, ɇȾɋ ɢ ɜɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ ɨɬɱɢɫɥɹɸɬɫɹ ɜ 
ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ. ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ ɨɬɱɢɫɥɹɟɬɫɹ ɜ ɛɸɞɠɟɬ ɪɟɝɢɨɧɚ, 
ɝɞɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ.  
 
7.4 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ  
 
ȼ ɨɬɱɟɬɟ ɨ ɩɪɢɛɵɥɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ: ɜɚɥɨɜɚɹ 
ɩɪɢɛɵɥɶ, ɧɚɥɨɝɨɨɛɥɚɝɚɟɦɚɹ ɩɪɢɛɵɥɶ, ɪɚɡɦɟɪɵ ɜɵɩɥɚɬ ɩɨ ɧɚɥɨɝɚɦ, 
ɧɟɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɩɪɢɛɵɥɶ, ɧɚɤɨɩɥɟɧɧɚɹ ɧɟɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɩɪɢɛɵɥɶ.  
Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɩɟɪɜɵɯ ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɥɹ ɰɟɥɟɜɨɝɨ 
ɜɚɪɢɚɧɬɚ ɜ ɬɚɛɥɢɰɟ 7.6.  
 
Ɍɚɛɥɢɰɚ 7.6 - Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ 
ɂɧɬɟɪɜɚɥɵ ɩɥɚɧɢɪɨɜɚɧɢɹ 
2020 2021 2022 2023 
ȼɵɪɭɱɤɚ (ɧɟɬɬɨ) ɦɥɧ. ɪɭɛ. 2548,43 2642,07 2726,74 2809,30 
Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɦɥɧ. ɪɭɛ. 525,51 522,94 541,34 536,90 
EBITDA (ȼɚɥɨɜɚɹ ɩɪɢɛɵɥɶ) ɦɥɧ. ɪɭɛ. 2022,91 2119,12 2185,39 2272,39 
ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ 
ɩɪɢɛɵɥɶ ɦɥɧ. ɪɭɛ. 2,36 2,36 2,36 2,36 
NOPAT(ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ) ɦɥɧ. ɪɭɛ. 2022,91 2119,12 2185,39 2272,39 
ɋɩɪɚɜɨɱɧɨ: 
ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ  % 20 20 20 20 
 
Ɉɛɴёɦ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ ɡɚɜɢɫɢɬ ɨɬ ɨɛɴёɦɚ ɜɚɥɨɜɨɣ ɩɪɢɛɵɥɢ ɢ 
ɜɟɥɢɱɢɧɵ ɧɚɥɨɝɨɜ, ɢ ɪɚɫɬёɬ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɱɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 7.2. 
99 
 
  
 
 Ɋɢɫɭɧɨɤ 7.2 – ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ, ɦɥɪɞ. ɪɭɛ. 
 
7.5 ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ  
 
ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɟɤɬɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɢɫɬɟɦɨɣ ɩɨɤɚɡɚɬɟɥɟɣ, 
ɨɬɪɚɠɚɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɟ ɡɚɬɪɚɬ ɢ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɢɧɬɟɪɟɫɚɦ 
ɟɝɨ ɭɱɚɫɬɧɢɤɨɜ.  
Ʉɪɢɬɟɪɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 7.7.  
 
Ɍɚɛɥɢɰɚ 7.7 – ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɢɧɜɟɫɬɢɰɢɣ 
ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 11,6 
Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ-PB, ɦɟɫ 70 
ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ–NPV, ɦɥɧ.ɪɭɛ 10048,8 
ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ-PI 3,58 
ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ-IRR,% 34,21 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɪɭɛ/ɤȼɬ*ɱ 0,15 
ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ/ɤȼɬ 97704 
 
7.6 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ  
 
ɂɧɜɟɫɬɢɰɢɢ–ɜɥɨɠɟɧɢɹ ɤɚɩɢɬɚɥɚ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɩɪɢɛɵɥɢ. 
ɂɧɜɟɫɬɢɰɢɢ ɹɜɥɹɸɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɫɨɜɪɟɦɟɧɧɨɣ ɷɤɨɧɨɦɢɤɢ. Ɉɬ 
ɤɪɟɞɢɬɨɜ ɢɧɜɟɫɬɢɰɢɢ ɨɬɥɢɱɚɸɬɫɹ ɫɬɟɩɟɧɶɸ ɪɢɫɤɚ ɞɥɹ ɢɧɜɟɫɬɨɪɚ (ɤɪɟɞɢɬɨɪɚ) 
— ɤɪɟɞɢɬ ɢ ɩɪɨɰɟɧɬɵ ɧɟɨɛɯɨɞɢɦɨ ɜɨɡɜɪɚɳɚɬɶ ɜ ɨɝɨɜɨɪёɧɧɵɟ ɫɪɨɤɢ 
ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɩɪɢɛɵɥɶɧɨɫɬɢ ɩɪɨɟɤɬɚ, ɢɧɜɟɫɬɢɰɢɢ (ɢɧɜɟɫɬɢɪɨɜɚɧɧɵɣ 
ɤɚɩɢɬɚɥ) ɜɨɡɜɪɚɳɚɸɬɫɹ ɢ ɩɪɢɧɨɫɹɬ ɞɨɯɨɞ ɬɨɥɶɤɨ ɜ ɩɪɢɛɵɥɶɧɵɯ ɩɪɨɟɤɬɚɯ. 
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ȿɫɥɢ ɩɪɨɟɤɬ ɭɛɵɬɨɱɟɧ — ɢɧɜɟɫɬɢɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɭɬɪɚɱɟɧɵ ɩɨɥɧɨɫɬɶɸ ɢɥɢ 
ɱɚɫɬɢɱɧɨ.  
ȼɵɪɭɱɤɚ (ɨɛɨɪɨɬ, ɨɛɴёɦ ɩɪɨɞɚɠ) — ɤɨɥɢɱɟɫɬɜɨ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɢɥɢ 
ɢɧɵɯ ɛɥɚɝ, ɩɨɥɭɱɚɟɦɵɯ ɤɨɦɩɚɧɢɟɣ ɡɚ ɨɩɪɟɞɟɥёɧɧɵɣ ɩɟɪɢɨɞ ɟё ɞɟɹɬɟɥɶɧɨɫɬɢ, 
ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɫɱёɬ ɩɪɨɞɚɠɢ ɬɨɜɚɪɨɜ ɢɥɢ ɭɫɥɭɝ ɫɜɨɢɦ ɤɥɢɟɧɬɚɦ. 
ȼɥɢɹɧɢɟ ɜɵɛɪɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚ ɢɡɦɟɧɟɧɢɟ ɱɢɫɬɨɝɨ ɩɪɢɜɟɞɟɧɧɨɝɨ 
ɞɨɯɨɞɚ ɩɨɤɚɡɚɧɨ ɧɚ ɫɥɟɞɭɸɳɢɯ ɪɢɫɭɧɤɚɯ 7.3 – 7.4. 
 
 Ɋɢɫɭɧɨɤ 7.3- ɂɡɦɟɧɟɧɢɟ ɱɢɫɬɨɝɨ ɩɪɢɜɟɞɟɧɧɨɝɨ ɞɨɯɨɞɚ ɨɬ ɢɡɦɟɧɟɧɢɹ ɨɛɴёɦɚ 
ɢɧɜɟɫɬɢɰɢɣ 
 
ȼɵɜɨɞ: ɍɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ- ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ NPV. 
 
 Ɋɢɫɭɧɨɤ 7.4- ɂɡɦɟɧɟɧɢɟ ɱɢɫɬɨɝɨ ɩɪɢɜɟɞɟɧɧɨɝɨ ɞɨɯɨɞɚ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ 
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 Ɋɢɫɭɧɨɤ 7.5 – ɂɡɦɟɧɟɧɢɟ ɫɭɦɦɚ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ 
ɫɬɚɜɤɢɞɢɫɤɨɧɬɢɪɨɜɚɧɢ
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8. Ʉɨɧɬɪɨɥɶ ɫɨɫɬɨɹɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ ɛɟɬɨɧɧɨɣ 
ɩɥɨɬɢɧɵ ɧɚ ɩɪɢɦɟɪɟ Ʉɭɸɫɫɤɨɣ Ƚɗɋ 
 
8.1 ɉɨɞɡɟɦɧɵɣ ɤɨɧɬɭɪ ɫɨɨɪɭɠɟɧɢɹ. 
 
ɇɟɛɥɚɝɨɩɪɢɹɬɧɵɟ ɫɜɨɣɫɬɜɚ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɣ, ɬɚɤɢɟ, ɤɚɤ ɜɤɥɸɱɟɧɢɟ 
ɫɥɚɛɵɯ ɩɨɪɨɞ, ɛɨɥɶɲɚɹ ɢ ɧɟɪɚɜɧɨɦɟɪɧɚɹ ɞɟɮɨɪɦɚɬɢɜɧɨɫɬɶ, ɡɧɚɱɢɬɟɥɶɧɚɹ 
ɬɪɟɳɢɧɨɜɚɬɨɫɬɶ, ɧɚɥɢɱɢɟ ɬɟɤɬɨɧɢɱɟɫɤɢɯ ɡɨɧ, ɦɚɥɚɹ ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɶ ɫɞɜɢɝɭ 
ɢ ɪɚɡɧɨɩɨɪɨɞɧɨɫɬɶ (ɧɚɥɢɱɢɟ ɩɨɪɨɞ ɪɚɡɧɨɣ ɠɟɫɬɤɨɫɬɢ) ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɸɬ 
ɧɚ ɪɚɛɨɬɭ ɫɢɫɬɟɦɵ ɩɥɨɬɢɧɵ-ɨɫɧɨɜɚɧɢɟ. 
Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɫɜɨɣɫɬɜ ɫɤɚɥɶɧɨɝɨ ɦɚɫɫɢɜɚ, ɫɧɢɠɟɧɢɹ 
ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ, ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɧɟɞɨɩɭɫɬɢɦɨɣ 
ɮɢɥɶɬɪɚɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɨɠɢɞɚɟɦɨɝɨ ɪɚɡɭɩɥɨɬɧɟɧɢɹ ɨɫɧɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦ 
ɤɨɦɩɥɟɤɫ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɪɢ ɫɨɡɞɚɧɢɢ ɩɨɞɡɟɦɧɨɝɨ 
ɤɨɧɬɭɪɚ. 
ɉɨɞɡɟɦɧɵɣ ɤɨɧɬɭɪ Ʉɭɸɫɫɤɨɣ ɩɥɨɬɢɧɵ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 
- ɐɟɦɟɧɬɚɰɢɨɧɧɭɸ ɡɚɜɟɫɭ ɧɚ ɝɥɭɛɢɧɭ ɞɨ 30 ɦ; 
- ɋɤɜɚɠɢɧɧɵɣ ɞɪɟɧɚɠ ɜ ɨɫɧɨɜɚɧɢɢ ɩɥɨɬɢɧɵ (ɝɥɭɛɢɧɨɣ ɞɨ 16ɦ). 
ɐɟɦɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɟɤɬɨɦ ɜɵɩɨɥɧɟɧɚ 
ɜɟɪɬɢɤɚɥɶɧɨɣ, ɟɟ ɨɫɶ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5.0 ɦ ɨɬ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ. 
Ƚɥɭɛɢɧɚ ɡɚɜɟɫɵ ɨɤɨɥɨ 30 ɦɟɬɪɨɜ, ɨɧɚ ɫɨɩɪɹɝɚɟɬɫɹ ɫ ɩɨɪɨɞɚɦɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɜɨɞɨɭɩɨɪɚ (ɭɞɟɥɶɧɨɟ ɩɨɝɥɨɳɟɧɢɟ 0,01 – 0,05 ɥ/(ɦɢɧ∙ɦ2), 
ɨɛɟɫɩɟɱɢɜɚɹ ɩɟɪɟɤɪɵɬɢɟ ɚɤɬɢɜɧɨɣ ɨɛɥɚɫɬɢ ɮɢɥɶɬɪɚɰɢɢ. ɐɟɦɟɧɬɚɰɢɨɧɧɚɹ 
ɡɚɜɟɫɚ ɜɵɩɨɥɧɟɧɚ ɨɞɧɨɪɹɞɧɨɣ ɩɨɞ ɜɫɟɦɢ ɫɟɤɰɢɹɦɢ ɪɭɫɥɨɜɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ 
(ɫ ɩɪɨɟɤɬɧɵɦ ɭɞɟɥɶɧɵɦ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟɦ 0.01 ɥ/ɦɢɧ). 
Ⱦɥɹ ɫɧɹɬɢɹ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɞɪɟɧɚɠɧɚɹ ɫɟɬɶ ɫɤɜɚɠɢɧ, 
ɤɨɬɨɪɚɹ ɜɵɩɨɥɧɹɟɬɫɹ ɢɡ ɞɪɟɧɚɠɧɵɯ ɝɚɥɟɪɟɣ. Ⱦɪɟɧɚɠ ɜɵɩɨɥɧɹɟɬɫɹ 
ɜɟɪɬɢɤɚɥɶɧɵɦ. Ƚɥɭɛɢɧɚ ɩɪɨɟɤɬɧɨɣ ɞɪɟɧɚɠɧɨɣ ɡɚɜɟɫɵ ɜ ɨɫɧɨɜɚɧɢɢ ɪɭɫɥɨɜɨɣ 
ɩɥɨɬɢɧɵ ɞɨ 16 ɦ, ɲɚɝ ɫɤɜɚɠɢɧ 2 ɦ (Ɋɢɫɭɧɨɤ 8.2). 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɋɉ 40.13330.2012 “ɉɥɨɬɢɧɵ ɛɟɬɨɧɧɵɟ ɢ 
ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ” ɞɥɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ III ɤɥɚɫɫɚ ɨɬɧɨɲɟɧɢɟ ɧɚɩɨɪɨɜ 
ɧɚ ɡɚɜɟɫɟ ɢ ɧɚ ɞɪɟɧɚɠɟ Has/Hd ɢ Hdr/Hd ɞɨɥɠɧɵ ɛɵɬɶ 0,4∙H ɢ 0,2∙H, ɝɞɟ Has -
ɧɚɩɨɪ ɧɚ ɡɚɜɟɫɟ;  Hdr – ɧɚɩɨɪ ɧɚ ɞɪɟɧɚɠɟ; Hd – ɞɟɣɫɬɜɭɸɳɢɣ ɧɚɩɨɪ ɧɚ 
ɫɨɨɪɭɠɟɧɢɟ [18]. 
Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɹɜɥɹɸɬɫɹ 
ɝɥɭɛɢɧɚ, ɬɨɥɳɢɧɚ ɢ ɟɟ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ, 
ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɪɚɫɱɟɬɚɦɢ.  
Ƚɥɭɛɢɧɭ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɟɟ 
ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɫɬɢ ɫɥɟɞɭɟɬ ɧɚɡɧɚɱɚɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɨɪɚ ɧɚ 
ɩɥɨɬɢɧɭ, ɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɢ ɫɭɮɮɨɡɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɩɨɪɨɞ ɨɫɧɨɜɚɧɢɹ, 
ɧɨɪɦɚɬɢɜɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɫɧɢɠɟɧɢɸ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ ɧɚ ɩɨɞɨɲɜɭ 
ɩɥɨɬɢɧɵ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ ɞɨɥɠɧɚ 
ɞɨɫɬɢɝɚɬɶ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɵɯ ɩɨɪɨɞ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɵɯ ɭɞɟɥɶɧɵɦ 
ɜɨɞɨɩɨɝɥɨɳɟɧɢɟɦ 0,01-0,05 ɥ/(ɦɢɧ∙ɦ2).  
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ɇɚ ɩɪɚɤɬɢɤɟ ɝɥɭɛɢɧɚ ɡɚɜɟɫɵ Sɡ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɨɪɚ ɫɨɫɬɚɜɥɹɟɬ 
ɨɛɵɱɧɨ [18] (Ɋɢɫ.8.1): 
 
Sɡ= (0,5÷0,8)·ɇɪ, ɦ , (8.1) 
 
ɝɞɟ ɇɪ – ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚ ɫɨɨɪɭɠɟɧɢɟ, ɦ. 
Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚ Ʉɭɸɫɫɤɭɸ ɩɥɨɬɢɧɭ ɫɨɫɬɚɜɥɹɟɬ 54 ɦ.  
Ɍɨɝɞɚ ɝɥɭɛɢɧɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɜ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ 
Ʉɭɸɫɫɤɨɣ ɩɥɨɬɢɧɵ ɛɭɞɟɬ ɪɚɜɧɚ 
 
Sɡ = (0,5÷0,8)·55 = 27,5 ɦ 
 
 Ɋɢɫ. 8.1. ɋɯɟɦɚ ɭɫɥɨɜɧɨɝɨ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ ɩɥɨɬɢɧɵ. 
 
ɉɪɢɧɢɦɚɟɬɫɹ ɝɥɭɛɢɧɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ, ɞɨɜɟɞɟɧɧɚɹ ɞɨ 
ɡɨɧɵ ɫ ɭɞɟɥɶɧɵɦ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟɦ q≤ 0,01 ɥ/(ɦɢɧ∙ɦ2), ɪɚɜɧɚ 30 ɦ ɢ 
ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɦɢɧɢɦɚɥɶɧɨɣ ɪɚɫɱɟɬɧɨɣ ɝɥɭɛɢɧɟ. 
Ɍɨɥɳɢɧɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɧɚɡɧɚɱɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɣ 
ɨɛɟɫɩɟɱɟɧɢɹ ɞɨɩɭɫɬɢɦɨɝɨ ɝɪɚɞɢɟɧɬɚ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ (Iɞɨɩ) ɢ ɧɟ ɩɪɟɜɵɲɟɧɢɹ 
ɤɪɢɬɢɱɟɫɤɨɝɨ ɝɪɚɞɢɟɧɬɚ (Icr), ɨɩɪɟɞɟɥɹɸɳɢɯ ɮɢɥɶɬɪɚɰɢɨɧɧɭɸ ɩɪɨɱɧɨɫɬɶ 
ɫɚɦɨɣ ɡɚɜɟɫɵ.  
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 Ɋɢɫ. 8.2  ɉɨɞɡɟɦɧɵɣ ɤɨɧɬɭɪ Ʉɭɸɫɫɤɨɣ ɩɥɨɬɢɧɵ. 
1- ɰɟɦɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ; 2- ɞɪɟɧɚɠ 
 
Ɍɚɤ ɤɚɤ ɦɚɤɫɢɦɚɥɶɧɵɣ ɞɟɣɫɬɜɭɸɳɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ (Imax) ɢɦɟɟɬ 
ɦɟɫɬɨ ɜ ɤɨɧɬɚɤɬɧɨɣ ɡɨɧɟ ɡɚɜɟɫɵ, ɬɨ ɨɩɪɟɞɟɥɟɧɢɟ ɬɨɥɳɢɧɵ ɡɚɜɟɫɵ 
ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɜɟɪɯɧɟɣ ɟɟ ɱɚɫɬɢ. Ɉɛɵɱɧɨ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ 
ɢɦɟɟɬ ɩɟɪɟɦɟɧɧɭɸ ɬɨɥɳɢɧɭ.  
Ɍɨɥɳɢɧɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ tɡ ɞɥɹ ɡɚɜɟɫ, ɞɨɜɟɞɟɧɧɵɯ ɞɨ 
ɜɨɞɨɭɩɨɪɚ, ɧɚɯɨɞɢɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 8.2 [18] 
 
tɡ ≥(∆ɇ/Icr)∙kɧ, ɦ, (8.2) 
 
ɝɞɟ   ∆ɇ – ɧɚɩɨɪ, ɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɭɸ ɡɚɜɟɫɭ, ɦ; 
Icr– ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɜ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ, ɦ;  
kɧ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ. 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [19] ɧɚ ɡɚɜɟɫɟ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɩɥɨɬɢɧ ɧɚɩɨɪ ɜ 
ɤɨɧɬɚɤɬɧɨɣ ɡɨɧɟ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 0,4∙ɇɪ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɩɨɪ, 
ɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɡɚɜɟɫɭ ɫɨɫɬɚɜɢɬ: 
 
∆ɇ = ɇɪ – 0,4∙ɇɪ = 0,6∙ɇɪ, ɦ . 
 
∆ɇ = 0,6∙54 = 32,4 ɦ. 
(8.3) 
  
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɜɨɞɨɦ ɩɪɚɜɢɥ ɋɉ 23.13330.2011 «Ɉɫɧɨɜɚɧɢɹ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ» [19] ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 
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ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɜ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ 
ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ Icr ɜ ɡɚɜɟɫɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɭɞɟɥɶɧɨɝɨ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ q ɜ ɩɪɟɞɟɥɚɯ ɡɚɜɟɫɵ ɩɨ ɬɚɛɥɢɰɟ 8.1. 
 
Ɍɚɛɥɢɰɚ 8.1 – Ɉɩɪɟɞɟɥɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɝɨ ɝɪɚɞɢɟɧɬɚ ɜ ɡɚɜɟɫɟ (Icr) 
ɍɞɟɥɶɧɨɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ ɫɤɚɥɶɧɨɝɨ 
ɝɪɭɧɬɚ ɜ ɡɚɜɟɫɟ q, ɥ/(ɦɢɧ∙ɦ2) 
Ʉɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɜ 
ɡɚɜɟɫɟ 
<0,02 35 
0,02÷0,05 25 
>0,05 15 
 
Ɍɚɤ ɤɚɤ ɭɞɟɥɶɧɨɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ ɜ 
ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ Ʉɭɸɫɫɤɨɣ ɩɥɨɬɢɧɵ ɪɚɜɧɨɟ q = 
0,01 ɥ/(ɦɢɧ∙ɦ2), ɬɨ ɩɪɢɧɢɦɚɟɦ Icr = 35. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɜɨɞɨɦ ɩɪɚɜɢɥ ɋɉ 58.13330.2012 «ȽɌɋ. Ɉɫɧɨɜɧɵɟ 
ɩɨɥɨɠɟɧɢɹ» ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ 
ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɩɨ ɬɚɛɥɢɰɟ 8.2 [20]. 
 
Ɍɚɛɥɢɰɚ 8.2 – Ʉɨɷɮɮɢɰɢɟɧɬɵ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ 
ɫɨɨɪɭɠɟɧɢɹ 
Ʉɥɚɫɫ ɫɨɨɪɭɠɟɧɢɹ Ʉɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ 
I 1,25 
II 1,20 
III 1,15 
IV 1,10 
 
Ɍɚɤ ɤɚɤ Ʉɭɸɫɫɤɚɹ Ƚɗɋ ɨɬɧɨɫɢɬɫɹ ɤ ɫɨɨɪɭɠɟɧɢɹɦ III ɤɥɚɫɫɚ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ, ɬɨ kɧ= 1,15. 
Ɉɬɫɸɞɚ ɬɨɥɳɢɧɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɪɚɜɧɚ: 
 
tɡ≥(32.4/35)∙1,15 = 1.1 ɦ.                                                                          (8.4) 
 
ɉɪɢɧɹɬɚɹ ɬɨɥɳɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɫɨɫɬɚɜɥɹɟɬ 2.5 ɦ. 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [18]. ȿɫɥɢ ɩɨɞɡɟɦɧɵɣ ɤɨɧɬɭɪ ɫɨɫɬɨɢɬ ɢɡ 
ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɚ, ɬɨ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɨɫɢ ɡɚɜɟɫɵ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɫɨɫɬɚɜɥɹɟɬ: 
 
Δb = (0,1÷0,25)·ȼ, ɦ,                           (8.5) 
 
ɝɞɟ   ȼ – ɲɢɪɢɧɚ ɩɥɨɬɢɧɵ ɩɨ ɨɫɧɨɜɚɧɢɸ, ɦ. 
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ɒɢɪɢɧɚ ɩɨ ɨɫɧɨɜɚɧɢɸ Ʉɭɸɫɫɤɨɣ ɩɥɨɬɢɧɵ ɫɨɫɬɚɜɥɹɟɬ 46.4 ɦ. 
Ɍɨɝɞɚ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ 
ɛɭɞɟɬ ɪɚɜɧɨ 
 
Δb = (0,1÷0,25)·46.4 = 5 ɦ.                                                                  (8.6) 
 
ɉɪɢɧɢɦɚɟɦ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ 
ɡɚɜɟɫɵ 5 ɦ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɛɥɢɡɤɢɦ ɤ ɦɢɧɢɦɚɥɶɧɨɣ ɪɚɫɱɟɬɧɨɣ ɝɪɚɧɢɰɟ. 
 
8.2 Ʉɨɧɬɪɨɥɶ ɫɨɫɬɨɹɧɢɹ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ Ʉɭɸɫɫɤɨɣ ɩɥɨɬɢɧɵ 
 
ɋɨɝɥɚɫɧɨ ɎɁ №117 “Ɉ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ” ɨɬ 
21.07.1997 ɝ. ɨɛɟɫɩɟɱɟɧɢɟ ɤɨɧɬɪɨɥɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ ɧɚ ɛɚɡɟ ɤɨɧɬɪɨɥɶɧɨ-
ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɢɬɶ ɧɟɩɪɟɪɵɜɧɵɣ ɦɨɧɢɬɨɪɢɧɝ 
ɫɨɫɬɨɹɧɢɹ ȽɌɋ ɢ ɢɯ ɨɫɧɨɜɚɧɢɣ, ɩɪɢɧɢɦɚɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɦɟɪɵ ɤ ɭɫɬɪɚɧɟɧɢɸ 
ɨɩɚɫɧɵɯ ɩɨɜɪɟɠɞɟɧɢɣ. 
Ʉɨɧɬɪɨɥɶ ɫɨɫɬɨɹɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ Ʉɭɸɫɫɤɨɣ 
ɩɥɨɬɢɧɵ, ɨɫɭɳɟɫɬɜɥɹɟɦɵɣ ɩɪɢ ɩɨɦɨɳɢ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɜ ɨɫɧɨɜɚɧɢɢ 
ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ, ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ 
ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ ɩɚɪɚɦɟɬɪɵ: 
 - ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɟ ɭɪɨɜɧɢ; 
- ɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
- ɞɟɮɨɪɦɚɰɢɢ ɜ ɨɫɧɨɜɚɧɢɢ; 
- ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ (ɫɭɮɮɨɡɢɹ) ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɮɢɥɶɬɪɨɜɚɜɲɟɣɫɹ 
ɜɨɞɵ ɢɡ ɞɪɟɧɚɠɟɣ ɢ ɩɶɟɡɨɦɟɬɪɨɜ. 
Ʉɪɨɦɟ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɧɟɦɚɥɨɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɸɬ 
ɞɚɧɧɵɟ ɜɢɡɭɚɥɶɧɵɯ ɨɫɦɨɬɪɨɜ ɫɨɫɬɨɹɧɢɹ ɰɟɦɟɧɬɚɰɢɨɧɧɨ-ɞɪɟɧɚɠɧɨɣ ɝɚɥɟɪɟɢ. 
 
8.2.1 ɉɶɟɡɨɦɟɬɪɢɱɟɫɤɚɹ ɫɟɬɶ 
 
Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɯ ɭɪɨɜɧɟɣ ɜ ɨɫɧɨɜɚɧɢɢ Ʉɭɸɫɫɤɨɣ 
ɩɥɨɬɢɧɵ ɨɪɝɚɧɢɡɨɜɚɧɚ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɚɹ ɫɟɬɶ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 
ɩɶɟɡɨɦɟɬɪɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɩɪɨɞɨɥɶɧɵɯ ɢ ɩɨɩɟɪɟɱɧɵɯ ɫɬɜɨɪɚɯ ɫ 
ɜɨɞɨɩɪɢɟɦɧɢɤɚɦɢ ɧɚ ɪɚɡɧɵɯ ɨɬɦɟɬɤɚɯ ɜ ɫɤɚɥɶɧɨɦ ɦɚɫɫɢɜɟ: ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɩɨɞ ɤɨɧɬɚɤɬɨɦ “ɫɤɚɥɚ-ɛɟɬɨɧ”, ɩɟɪɟɞ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɨɣ, ɩɨɫɥɟ 
ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɢ ɤɨɧɬɚɤɬɧɵɟ ɩɶɟɡɨɦɟɬɪɵ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɫɬɜɨɪɚɯ, 
ɪɚɡɦɟɳɟɧɧɵɟ ɩɨ ɩɨɬɨɤɭ. ɉɨ ɛɟɪɟɝɚɦ ɜ ɬɨɪɰɚɯ ɝɚɥɟɪɟɣ ɩɪɨɟɤɬɨɦ 
ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɤɨɧɬɚɤɬɧɵɟ ɩɶɟɡɨɦɟɬɪɵ ɞɥɹ ɤɨɧɬɪɨɥɹ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ ɩɨ 
ɛɟɪɟɝɚɦ (ɪɢɫ 8.3).   
ɉɶɟɡɨɦɟɬɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɤɜɚɠɢɧɭ ɫ ɨɛɫɚɞɧɨɣ ɬɪɭɛɨɣ ɢ 
ɜɨɞɨɩɪɢɟɦɧɢɤɨɦ. ȼ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɚɯ ɜɨɞɨɩɪɢɟɦɧɢɤɨɦ ɹɜɥɹɟɬɫɹ ɧɢɠɧɹɹ 
ɩɟɪɮɨɪɢɪɨɜɚɧɧɚɹ ɱɚɫɬɶ ɫɤɜɚɠɢɧɵ ɞɥɢɧɨɣ 2-3 ɦ. 
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ɉɨ ɜɢɞɭ ɡɚɝɥɭɛɥɟɧɢɹ ɜɨɞɨɩɪɢɟɦɧɨɣ ɱɚɫɬɢ ɩɶɟɡɨɦɟɬɪɵ ɦɨɝɭɬ ɛɵɬɶ 
ɤɨɧɬɚɤɬɧɵɦɢ (ɫ ɜɨɞɨɩɪɢɟɦɧɢɤɨɦ, ɪɚɡɦɟɳɟɧɧɵɦ ɩɨɞ ɤɨɧɬɚɤɬɨɦ «ɫɤɚɥɚ-
ɛɟɬɨɧ») ɢ ɝɥɭɛɨɤɢɦɢ (ɫ ɜɨɞɨɩɪɢɟɦɧɢɤɨɦ ɧɢɠɟ ɤɨɧɬɚɤɬɚ «ɫɤɚɥɚ-ɛɟɬɨɧ»). 
ɉɶɟɡɨɦɟɬɪɵ, ɭ ɤɨɬɨɪɵɯ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ ɜɵɲɟ ɨɝɨɥɨɜɤɚ 
ɫɤɜɚɠɢɧɵ ɢɥɢ ɲɬɭɰɟɪɚ ɦɚɧɨɦɟɬɪɚ (ɡɚɧɢɜɟɥɢɪɨɜɚɧɧɨɣ ɱɚɫɬɢ) ɧɚɡɵɜɚɸɬɫɹ 
ɧɚɩɨɪɧɵɦɢ. Ȼɟɡɧɚɩɨɪɧɵɦɢ ɧɚɡɵɜɚɸɬɫɹ ɩɶɟɡɨɦɟɬɪɵ, ɭ ɤɨɬɨɪɵɯ 
ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ ɧɢɠɟ ɨɝɨɥɨɜɤɚ ɩɶɟɡɨɦɟɬɪɚ. 
ȼ ɛɟɡɧɚɩɨɪɧɵɯ ɩɶɟɡɨɦɟɬɪɚɯ ɭɪɨɜɧɢ ɜɨɞɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɭɪɨɜɧɟɦɟɪɚ – ɩɪɢɛɨɪɚ, ɳɭɩ ɤɨɬɨɪɨɝɨ ɨɩɭɫɤɚɟɬɫɹ ɧɚ ɤɚɛɟɥɟ ɜ 
ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɭɸ ɫɤɜɚɠɢɧɭ. ȼ ɦɨɦɟɧɬ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɫ ɜɨɞɨɣ ɩɨɞɚɟɬɫɹ 
ɡɜɭɤɨɜɨɣ ɫɢɝɧɚɥ ɢ ɛɟɪɟɬɫɹ ɨɬɫɱɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɯɧɟɣ ɬɨɱɤɢ ɨɝɨɥɨɜɤɚ 
ɩɶɟɡɨɦɟɬɪɚ. 
ȼ ɧɚɩɨɪɧɵɯ ɩɶɟɡɨɦɟɬɪɚɯ ɞɚɜɥɟɧɢɟ ɢɡɦɟɪɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɚɧɨɦɟɬɪɨɜ, 
ɨɬɫɱɟɬ ɛɟɪɟɬɫɹ ɩɨ ɲɤɚɥɟ. 
 
 Ɋɢɫɭɧɨɤ 8.3 – Ɋɚɡɦɟɳɟɧɢɟ ɩɶɟɡɨɦɟɬɪɨɜ ɢ ɞɪɟɧɚɠɚ 
1-ɩɶɟɡɨɦɟɬɪ ɤɨɧɬɚɤɬɧɵɣ; 2-ɰɟɦɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ ɢ ɞɪɟɧɚɠ ɜ ɛɟɪɟɝɚɯ; 3-ɜɟɪɯɨɜɵɟ 
ɩɶɟɡɨɦɟɬɪɵ; 4- ɧɢɡɨɜɵɟ ɩɶɟɡɨɦɟɬɪɵ. 
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ɉɶɟɡɨɦɟɬɪɢɱɟɫɤɢɟ ɭɪɨɜɧɢ 
 
ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ ɡɚɦɟɪɨɜ ɩɨ ɩɶɟɡɨɦɟɬɪɚɦ, ɜɵɱɢɫɥɹɸɬɫɹ: 
ɉɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ Zn ɪɚɜɧɵɣ:   
 - ɞɥɹ ɛɟɡɧɚɩɨɪɧɵɯ ɩɶɟɡɨɦɟɬɪɨɜ – ɪɚɡɧɨɫɬɢ ɨɬɦɟɬɤɢ ɜɟɪɯɚ ɬɪɭɛɵ 
ɩɶɟɡɨɦɟɬɪɚ ɢ ɡɚɦɟɪɟɧɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɨɝɨɥɨɜɤɚ ɞɨ ɭɪɨɜɧɹ ɜɨɞɵ ɜ 
ɫɤɜɚɠɢɧɟ: 
 ݖ௡ = ሺݖ − ℎሻ cos ߙ , ˏ,                                                                                     ሺͺ.͹ሻ 
 
ɝɞɟ   Z – ɨɬɦɟɬɤɚ ɡɚɧɢɜɟɥɢɪɨɜɚɧɧɨɣ ɬɨɱɤɢ ɭɫɬɶɹ ɩɶɟɡɨɦɟɬɪɚ, ɦ; 
h – ɝɥɭɛɢɧɚ ɨɬ ɭɫɬɶɹ ɩɶɟɡɨɦɟɬɪɚ ɞɨ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɧɟɦ, ɦ; 
α – ɭɝɨɥ ɧɚɤɥɨɧɚ ɫɤɜɚɠɢɧɵ ɤ ɜɟɪɬɢɤɚɥɢ, ɝɪɚɞ; 
 
- ɞɥɹ ɧɚɩɨɪɧɵɯ ɩɶɟɡɨɦɟɬɪɨɜ – ɫɭɦɦɚ ɨɬɦɟɬɤɢ ɰɟɧɬɪɚ ɢɥɢ ɲɬɭɰɟɪɚ 
ɦɚɧɨɦɟɬɪɚ ɢ ɡɚɦɟɪɟɧɧɨɝɨ ɦɚɧɨɦɟɬɪɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɜ ɦɟɬɪɚɯ ɜɨɞɹɧɨɝɨ 
ɫɬɨɥɛɚ): 
 ݖ௡ = ݖ௠ + ݌, ˏ,                                                                                                     ሺͺ.ͺሻ 
 
ɝɞɟ   ݖ௠ – ɨɬɦɟɬɤɚ ɰɟɧɬɪɚ ɦɨɧɨɦɟɬɪɚ, ɦ; ݌ – ɞɚɜɥɟɧɢɟ ɜ ɦɟɬɪɚɯ ɜɨɞɹɧɨɝɨ ɫɬɨɥɛɚ, ɢɡɦɟɪɟɧɧɨɟ ɦɚɧɨɦɟɬɪɨɦ, ɦ. 
 
ɉɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ H, ɪɚɜɧɵɣ ɪɚɡɧɨɫɬɢ ɨɬɦɟɬɨɤ 
ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɢ ɍɇȻ: 
 
H=Zn-Zɧɛ,ɦ,                                                                                             (8.9) 
 
ɝɞɟ Zɧɛ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɜ ɦɨɦɟɧɬ ɧɚɛɥɸɞɟɧɢɣ ɡɚ 
ɩɶɟɡɨɦɟɬɪɨɦ.   
 
ɉɪɢɜɟɞɟɧɧɵɣ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɪɚɜɧɵɣ ɨɬɧɨɲɟɧɢɸ 
ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ ɤ ɧɚɩɨɪɭ ɧɚ ɫɨɨɪɭɠɟɧɢɟ 
 ܪ௡௣ = ܪܪ௖ = ሺܼ௡ − ܼː˄ሻܼ˅˄ − ܼː˄ , ˏ,                                                                            ሺͺ.ͳͲሻ 
 
Ƚɞɟ  ܪ௖ – ɧɚɩɨɪ ɧɚ ɫɨɨɪɭɠɟɧɢɟ, ɦ; ܼ˅˄ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɦ. 
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8.2.2 Ⱦɪɟɧɚɠɧɚɹ ɫɟɬɶ 
 
Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɜɨɞ ɧɚ ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ ɢ 
ɤɨɧɬɪɨɥɹ ɜɨɞɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɨɫɧɨɜɚɧɢɹ ɨɪɝɚɧɢɡɨɜɚɧɚ ɞɪɟɧɚɠɧɚɹ ɫɟɬɶ. 
Ⱦɪɟɧɚɠɧɚɹ ɫɟɬɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɞɥɹ ɪɚɡɝɪɭɡɤɢ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ 
ɩɨɬɨɤɚ, ɬɚɤ ɢ ɞɥɹ ɤɨɧɬɪɨɥɹ ɡɚ ɮɢɥɶɬɪɚɰɢɨɧɧɵɦɢ ɪɚɫɯɨɞɚɦɢ, ɯɚɪɚɤɬɟɪɨɦ ɢɯ 
ɢɡɦɟɧɟɧɢɹ, ɨɰɟɧɤɢ ɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ. 
ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɞɪɟɧɚɠɧɚɹ ɫɟɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɫɤɜɚɠɢɧɚɦɢ, 
ɩɪɨɛɭɪɟɧɧɵɦɢ ɜ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɜɬɨɪɨɣ ɩɪɨɞɨɥɶɧɨɣ ɝɚɥɟɪɟɢ (ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5 
ɦ ɨɬ ɩɟɪɜɨɣ ɩɪɨɞɨɥɶɧɨɣ ɝɚɥɟɪɟɢ) ɫ ɲɚɝɨɦ 3 ɦ ɝɥɭɛɢɧɨɣ 13 ɦ (ɫ ɧɢɡɨɜɨɣ 
ɫɬɨɪɨɧɵ ɡɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɨɣ), ɢ ɜ ɬɨɪɰɚɯ ɝɚɥɟɪɟɣ (ɜɟɟɪɧɨɝɨ ɬɢɩɚ) 
ɝɥɭɛɢɧɨɣ ɞɨ 30 ɦɟɬɪɨɜ (ɪɢɫ 8.3). ȼɟɪɬɢɤɚɥɶɧɵɣ ɞɪɟɧɚɠ, ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɡɚ 
ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɨɣ, ɫɧɢɦɚɟɬ ɨɫɬɚɜɲɢɣɫɹ ɧɟɩɨɝɚɲɟɧɧɵɦ ɡɚɜɟɫɨɣ ɧɚɩɨɪ. 
ɂɡɦɟɪɟɧɢɹ ɪɚɫɯɨɞɨɜ ɜɵɩɨɥɧɹɸɬɫɹ ɜ ɤɚɠɞɨɣ ɢɡɥɢɜɚɸɳɟɣ ɞɪɟɧɚɠɧɨɣ 
ɫɤɜɚɠɢɧɟ, ɤɨɬɨɪɵɟ ɞɥɹ ɭɞɨɛɫɬɜɚ ɢɡɦɟɪɟɧɢɣ ɨɛɨɪɭɞɨɜɚɧɵ ɨɝɨɥɨɜɤɚɦɢ ɜ ɜɢɞɟ 
ɬɚɦɩɨɧɚ, ɜɨɞɨɨɬɜɨɞɹɳɟɝɨ ɲɥɚɧɝɚ ɢ ɩɚɬɪɭɛɤɚ, ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɧɚ ɧɢɡɨɜɨɣ 
ɫɬɟɧɟ ɝɚɥɟɪɟɢ. 
 
Ɏɢɥɶɬɪɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ. 
 
Ⱦɪɟɧɚɠɧɵɣ ɪɚɫɯɨɞ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɛɴɟɦɧɵɦ ɫɩɨɫɨɛɨɦ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɟɦɤɨɫɬɢ ɢɡɜɟɫɬɧɨɝɨ ɨɛɴɟɦɚ ɢ ɫɟɤɭɧɞɨɦɟɪɚ. 
Ⱦɪɟɧɚɠɧɵɣ ɪɚɫɯɨɞ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ܳ = ொ˔ˍ˅௧ ,  ɥ/ɫɟɤ.,                                                                                       (8.11) 
 
ɝɞɟ   ܳ˔ˍ˅- ɢɡɦɟɪɟɧɧɵɣ ɪɚɫɯɨɞ ɫɤɜɚɠɢɧɵ, ɥ; ݐ – ɜɪɟɦɹ, ɡɚ ɤɨɬɨɪɨɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɢɡɦɟɪɟɧɢɟ, ɫɟɤ. 
  
ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɜɨɞɵ 
 
ɋɤɚɥɶɧɵɟ ɩɨɪɨɞɵ ɦɨɝɭɬ ɢɡɦɟɧɹɬɶ ɫɜɨɢ ɩɪɨɱɧɨɫɬɧɵɟ ɤɚɱɟɫɬɜɚ ɩɪɢ 
ɧɚɦɨɤɚɧɢɢ. Ɏɢɥɶɬɪɚɰɢɨɧɧɵɣ ɩɨɬɨɤ ɦɨɠɟɬ ɜɵɦɵɜɚɬɶ ɩɨɪɨɞɵ, ɜɯɨɞɹ ɜɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɫɨɥɹɦɢ (ɯɢɦɢɱɟɫɤɚɹ ɫɭɮɮɨɡɢɹ) ɢ ɜɵɦɵɜɚɬɶ ɡɚɩɨɥɧɢɬɟɥɶ 
ɬɪɟɳɢɧ (ɦɟɯɚɧɢɱɟɫɤɚɹ ɫɭɮɮɨɡɢɹ).  
Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɩɪɨɰɟɫɫɚ ɜɵɧɨɫɚ ɱɚɫɬɢɰ ɫɤɚɥɶɧɵɯ ɩɨɪɨɞ ɢ ɦɚɬɟɪɢɚɥɚ 
ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɩɪɨɜɨɞɢɬɫɹ ɨɬɛɨɪ ɩɪɨɛ ɩɪɨɮɢɥɶɬɪɨɜɚɜɲɟɣɫɹ ɢɡ 
ɞɪɟɧɚɠɚ ɜɨɞɵ ɧɚ ɯɢɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ.  
 
Ɍɟɦɩɟɪɚɬɭɪɚ 
 
110 
 
  
 
ɂɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɢɡɥɢɜɟ ɞɪɟɧɚɠɧɵɯ 
ɫɤɜɚɠɢɧ ɜɵɩɨɥɧɹɟɬɫɹ ɜɨ ɜɫɟɯ ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧɚɯ. ɉɨ 
ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɬɟɦɩɟɪɚɬɭɪ ɞɟɥɚɟɬɫɹ ɜɵɜɨɞ ɨ  ɦɟɫɬɨɩɨɥɨɠɟɧɢɢ 
ɨɫɧɨɜɧɨɝɨ ɩɪɢɬɨɤɚ (ɩɨ ɤɨɧɬɚɤɬɭ «ɫɤɚɥɚ-ɛɟɬɨɧ» ɢɥɢ ɜ ɛɨɥɟɟ ɝɥɭɛɨɤɢɯ ɫɥɨɹɯ 
ɫɤɚɥɶɧɨɝɨ ɨɫɧɨɜɚɧɢɹ). 
 
8.2.3 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɤɨɧɬɪɨɥɶɧɨ - ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɚɩɩɚɪɚɬɭɪɚ 
 
Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɩɚɪɚɦɟɬɪɨɜ ɇȾɋ ɨɫɧɨɜɚɧɢɹ Ʉɭɸɫɫɤɨɣ ɩɥɨɬɢɧɵ, 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɄɂȺ 
 
8.2.4 ȼɢɡɭɚɥɶɧɵɟ ɧɚɛɥɸɞɟɧɢɹ 
 
ɋɨɫɬɨɹɧɢɟ ɰɟɦɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɚ ɧɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɜɚɬɶ ɢ ɜɢɡɭɚɥɶɧɨ. 
ɇɚ ɪɚɡɭɩɥɨɧɟɧɧɵɯ ɭɱɚɫɬɤɚɯ ɰɟɦɡɚɜɟɫɵ ɦɨɝɭɬ ɧɚɛɥɸɞɚɬɶɫɹ ɜɵɯɨɞɵ ɜɨɞɵ ɢɡ 
ɰɟɦɟɧɬɚɰɢɨɧɧɵɯ ɫɤɜɚɠɢɧ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɬɚɤɠɟ ɧɭɠɧɨ 
ɪɟɝɭɥɹɪɧɨ ɨɫɦɚɬɪɢɜɚɬɶ. 
Ⱦɚɧɧɵɟ ɜɢɡɭɚɥɶɧɵɯ ɨɫɦɨɬɪɨɜ ɩɨɡɜɨɥɹɸɬ ɞɚɬɶ ɛɨɥɟɟ ɩɨɥɧɭɸ ɨɰɟɧɤɭ 
ɫɨɫɬɨɹɧɢɹ ɰɟɦɡɚɜɟɫɵ ɞɥɹ ɩɪɢɧɹɬɢɹ ɫɜɨɟɜɪɟɦɟɧɧɵɯ ɪɟɲɟɧɢɣ ɩɨ ɪɟɦɨɧɬɭ 
ɪɚɡɭɩɥɨɬɧɟɧɧɨɣ ɡɨɧɵ.   
 
8.3 Ɉɰɟɧɤɚ ɫɨɫɬɨɹɧɢɹ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ 
 
ɋɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ ɩɥɨɬɢɧɚ–ɨɫɧɨɜɚɧɢɟ ɜ ɩɟɪɢɨɞ ɧɨɪɦɚɥɶɧɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ: 
ɫɪɚɜɧɟɧɢɹ ɤɨɧɬɪɨɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫ ɢɯ ɩɪɨɟɤɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ; 
ɫɪɚɜɧɟɧɢɹ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫ ɤɪɢɬɟɪɢɚɥɶɧɵɦɢ; 
ɭɫɬɚɧɨɜɥɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɬɪɨɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɨɬ ɞɟɣɫɬɜɭɸɳɢɯ 
ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ;  
ɭɫɬɚɧɨɜɥɟɧɢɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢ ɚɧɨɦɚɥɶɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ 
ɤɨɧɬɪɨɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ. 
ɋɨɫɬɨɹɧɢɟ ɩɥɨɬɢɧɵ ɢ ɨɫɧɨɜɚɧɢɹ ɨɰɟɧɢɜɚɟɬɫɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɤɨɦɩɥɟɤɫɧɨɝɨ ɚɧɚɥɢɡɚ, ɜɵɩɨɥɧɹɟɦɨɝɨ ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɦɚɬɟɪɢɚɥɨɜ ɧɚɬɭɪɧɵɯ 
ɧɚɛɥɸɞɟɧɢɣ ɜɫɟɯ ɜɢɞɨɜ ɤɨɧɬɪɨɥɹ. 
ɉɪɢ ɩɪɟɜɵɲɟɧɢɢ ɨɞɧɢɦ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɦɢ 
ɩɨɤɚɡɚɬɟɥɹɦɢ ɢɯ ɤɪɢɬɟɪɢɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɩɪɨɜɟɪɤɚ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɢ ɜɵɱɢɫɥɟɧɢɣ, ɚ ɬɚɤɠɟ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɨɛɨɫɧɨɜɚɧɧɨɫɬɶ ɩɪɢɧɹɬɵɯ ɤɪɢɬɟɪɢɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ. ɉɪɢ 
ɷɬɨɦ ɧɚɪɹɞɭ ɫ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɤ ɚɧɚɥɢɡɭ ɩɪɢɜɥɟɤɚɸɬɫɹ ɢ 
ɞɪɭɝɢɟ ɤɨɧɬɪɨɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɪɚɛɨɬɭ ɫɢɫɬɟɦɵ ɩɥɨɬɢɧɚ-
ɨɫɧɨɜɚɧɢɟ. 
111 
 
  
 
Ɉɛɧɚɪɭɠɟɧɧɨɟ ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢɯ 
ɤɪɢɬɟɪɢɚɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦ ɜ ɩɟɪɢɨɞ ɬɟɯɧɨɝɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ ɩɥɨɬɢɧɭ ɢ 
ɨɫɧɨɜɚɧɢɟ (ɪɟɦɨɧɬɧɵɟ ɪɚɛɨɬɵ ɩɨ ɥɢɤɜɢɞɚɰɢɢ ɮɢɥɶɬɪɚɰɢɢ) ɧɟ ɦɨɠɟɬ 
ɨɞɧɨɡɧɚɱɧɨ ɪɚɫɰɟɧɢɜɚɬɶɫɹ ɤɚɤ ɩɪɢɡɧɚɤ ɧɚɪɭɲɟɧɢɹ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ 
ɫɢɫɬɟɦɵ ɩɥɨɬɢɧɚ–ɨɫɧɨɜɚɧɢɟ. Ɂɚɤɥɸɱɟɧɢɟ ɨ ɟё ɪɚɛɨɬɟ ɫɨɫɬɚɜɥɹɟɬɫɹ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞёɧɧɵɯ ɫɩɟɰɢɚɥɶɧɵɯ ɪɚɫɱёɬɨɜ. 
ɉɪɢ ɩɪɟɜɵɲɟɧɢɢ ɩɪɟɞɟɥɶɧɨ-ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ ɨɞɧɢɦ ɢɥɢ 
ɧɟɫɤɨɥɶɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɫɨɨɪɭɠɟɧɢɹ ɩɭɬёɦ ɨɝɪɚɧɢɱɟɧɢɹ ɪɟɠɢɦɚ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɩɪɨɜɟɞɟɧɢɹ 
ɩɪɨɬɢɜɨɚɜɚɪɢɣɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ. 
ɋɬɚɛɢɥɶɧɨɫɬɶ ɩɨɜɟɞɟɧɢɹ ɫɢɫɬɟɦɵ ɩɥɨɬɢɧɚ-ɨɫɧɨɜɚɧɢɟ ɩɪɢ ɰɢɤɥɢɱɟɫɤɢɯ 
ɢɡɦɟɧɟɧɢɹɯ ɜɧɟɲɧɢɯ ɧɚɝɪɭɡɨɤ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɹɜɥɹɟɬɫɹ 
ɩɪɢɡɧɚɤɨɦ ɟё ɧɚɞёɠɧɨɣ ɪɚɛɨɬɵ. 
ɏɚɪɚɤɬɟɪ ɪɚɡɜɢɬɢɹ ɩɪɨɰɟɫɫɨɜ ɜ ɫɢɫɬɟɦɟ ɩɥɨɬɢɧɚ–ɨɫɧɨɜɚɧɢɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɭɬёɦ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɟё ɤɨɧɬɪɨɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɪɹɞ ɥɟɬ ɩɪɢ 
ɨɞɢɧɚɤɨɜɵɯ ɢɡɦɟɧɟɧɢɹɯ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ. 
ɇɚ ɜɫɟɯ ɷɬɚɩɚɯ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɨɬɨɛɪɚɠɟɧɢɹ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɜ ɛɚɡɟ ɞɚɧɧɵɯ.  
Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɞɨɥɠɧɵ ɨɬɪɚɠɚɬɶɫɹ ɜ ɟɠɟɝɨɞɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ 
ɨɬɱёɬɚɯ ɨ ɫɨɫɬɨɹɧɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ Ʉɭɸɫɫɤɨɣ Ƚɗɋ ɢ 
ɟɠɟɦɟɫɹɱɧɵɯ ɨɩɟɪɚɬɢɜɧɵɯ ɢɧɮɨɪɦɚɰɢɹɯ, ɟɠɟɧɟɞɟɥɶɧɵɯ ɫɩɪɚɜɤɚɯ, Ⱥɤɬɚɯ ɨ 
ɫɨɫɬɨɹɧɢɢ ȽɌɋ. 
 
Вɵɜɨɞɵ: 
 
1. Ɉɫɧɨɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ ɪɭɫɥɨɜɨɝɨ ɭɱɚɫɬɤɚ 
Ʉɭɸɫɫɤɨɣ ɩɥɨɬɢɧɵ ɹɜɥɹɟɬɫɹ ɜɟɪɬɢɤɚɥɶɧɚɹ ɰɟɦɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ ɝɥɭɛɢɧɨɣ 
ɞɨ 30 ɦ, ɞɨɜɟɞɟɧɧɚɹ ɞɨ ɩɨɪɨɞ ɫ ɭɞɟɥɶɧɵɦ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟɦ 0,01 – 
0,05 ɥ/(ɦɢɧ∙ɦ2) ɢ ɧɚɤɥɨɧɧɵɣ ɫɤɜɚɠɢɧɧɵɣ ɞɪɟɧɚɠ ɝɥɭɛɢɧɨɣ ɞɨ 13 ɦ. 
2. Ʉɨɧɬɪɨɥɶ ɫɨɫɬɨɹɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ Ʉɭɸɫɫɤɨɣ 
ɩɥɨɬɢɧɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɚɪɚɦɟɬɪɚɦ: 
- ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɟ ɭɪɨɜɧɢ; 
- ɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
- ɞɟɮɨɪɦɚɰɢɢ ɜ ɨɫɧɨɜɚɧɢɢ; 
- ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ (ɫɭɮɮɨɡɢɹ) ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɮɢɥɶɬɪɨɜɚɜɲɟɣɫɹ 
ɜɨɞɵ ɢɡ ɞɪɟɧɚɠɟɣ ɢ ɩɶɟɡɨɦɟɬɪɨɜ; 
- ɞɚɧɧɵɟ ɜɢɡɭɚɥɶɧɵɯ ɨɫɦɨɬɪɨɜ.  
3. ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɧɚɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ (ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɢ 
ɜɢɡɭɚɥɶɧɵɯ) ɩɪɨɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɫ ɜɵɞɚɱɟɣ ɨɰɟɧɤɢ 
ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɩɥɨɬɢɧɚ-ɨɫɧɨɜɚɧɢɟ. 
 
  
ɁȺɄɅɘɑȿɇɂȿ 
 
ȼ ɧɚɫɬɨɹɳɟɦ ɩɪɨɟɤɬɟ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ 
ɷɥɟɦɟɧɬɵ ɢ ɩɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ III ɤɥɚɫɫɚ − 
Ʉɭɸɫɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɧɚ ɪɟɤɟ Ʉɚɬɭɧɶ.  
ȼ ɪɚɦɤɚɯ ɝɢɞɪɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɱёɬɧɵɯ ɪɚɫɯɨɞɨɜ ɞɥɹ ɨɫɧɨɜɧɨɝɨ (ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 3%) ɢ 
ɩɨɜɟɪɨɱɧɨɝɨ (ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 0.5%) ɫɥɭɱɚɟɜ. 
ɇɚ ɷɬɚɩɟ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱёɬɨɜ ɜɵɛɪɚɧɚ ɭɫɬɚɧɨɜɥɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɢɥɚ 262 Ɇȼɬ, ɧɚɦɟɱɟɧɚ 
ɡɨɧɚ  ɪɚɛɨɬɵ ɜ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɚɯ ɧɚɝɪɭɡɤɢ ɞɥɹ ɡɢɦɵ ɢ ɥɟɬɚ. ɉɪɨɟɤɬɢɪɭɟɦɚɹ 
ɫɬɚɧɰɢɹ ɩɨɤɪɵɜɚɟɬ ɛɚɡɨɜɭɸ ɱɚɫɬɶ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ. ɉɨ ɤɪɢɜɨɣ 
ɫɪɚɛɨɬɤɢ/ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɫ ɇɉɍ 55 ɦ, ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɭɪɨɜɟɧɶ 
ɦɟɪɬɜɨɝɨ ɨɛɴɟɦɚ, ɨɬɦɟɬɤɚ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɢɥɚ 823,00 ɦ. ɉɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ 
ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɥɹɟɬ 2,4 
ɦɥɧ.ɤȼɬ·ɱ. 
Ⱦɚɥɟɟ ɛɵɥɚ ɜɵɹɜɥɟɧɚ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɨɣ ɪɚɛɨɬɵ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɢɫɯɨɞɹ ɢɡ ɤɨɬɨɪɨɣ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ 
ɩɚɪɚɦɟɬɪɵ: 
− ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɇɪ= 37,8 ɦ;  
− ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ Hmin= 30 ɦ;  
− ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ Hmax= 48,3 ɦ. 
ɂɡ ɩɨɥɭɱɟɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɢɡɦɟɧɟɧɢɹ ɧɚɩɨɪɚ ɩɨ ɫɩɪɚɜɨɱɧɵɦ 
ɦɚɬɟɪɢɚɥɚɦ ɛɵɥɢ ɩɨɞɨɛɪɚɧɵ ɜɨɡɦɨɠɧɵɟ ɬɢɩɵ ɝɢɞɪɨɬɭɪɛɢɧ. ɉɨɫɥɟ ɫɪɚɜɧɟɧɢɹ 
ɪɚɛɨɱɢɯ ɡɨɧ ɬɭɪɛɢɧ, ɚ ɬɚɤɠɟ ɪɭɤɨɜɨɞɫɬɜɭɹɫɶ ɩɪɢɧɰɢɩɨɦ ɦɢɧɢɦɭɦɚ 
ɫɭɦɦɚɪɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ, ɩɪɢɧɹɬɚ ɭɫɬɚɧɨɜɤɟ ɝɢɞɪɨɬɭɪɛɢɧɚ ɉɅ50-ȼ-
450 ɩɪɢ ɱɢɫɥɟ ɚɝɪɟɝɚɬɨɜ ɪɚɜɧɨɦ 3. Ɍɚɤɠɟ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 
ɝɢɞɪɨɬɭɪɛɢɧɨɣ. 
ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɛɵɥ ɜɵɛɢɪɚɧ ɫɢɧɯɪɨɧɧɵɣ ɜɟɪɬɢɤɚɥɶɧɵɣ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ-835/180-36 ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ 111 ɆȼȺ ɢ 
ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 166,7 ɨɛ/ɦɢɧ. 
ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɨɩɪɟɞɟɥɟɧɵ ɫɨɫɬɚɜ, ɬɢɩ ɢ ɤɨɦɩɨɧɨɜɤɚ ɨɫɧɨɜɧɵɯ 
ɫɨɨɪɭɠɟɧɢɣ. ȼ ɫɨɫɬɚɜ ɝɢɞɪɨɭɡɥɚ ɜɯɨɞɹɬ ɫɥɟɞɭɸɳɢɟ ɩɨɞɩɨɪɧɵɟ ɫɨɨɪɭɠɟɧɢɹ 
ɤɥɚɫɫɚ (ɫɱɢɬɚɹ ɨɬ ɥɟɜɨɝɨ ɛɟɪɟɝɚ): 
1. Ʌɟɜɨɛɟɪɟɠɧɚɹ ɝɥɭɯɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ; 
2. Ȼɟɬɨɧɧɚɹ ɜɨɞɨɫɥɢɜɧɚɹ ɩɥɨɬɢɧɚ ɞɥɢɧɨɣ 36 ɦɟɬɪɨɜ; 
3. ɋɬɚɧɰɢɨɧɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ; 
4.ɉɪɚɜɨɛɟɪɟɠɧɚɹ ɝɥɭɯɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ. 
ɉɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɩɪɢ ɨɫɧɨɜɧɨɦ 
ɢ ɨɫɨɛɨɦ ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɦɟɬɨɞɨɦ ɩɪɟɞɟɥɶɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ 1 ɝɪɭɩɩɵ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1,25 
(ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɫɨɨɪɭɠɟɧɢɣ III ɤɥɚɫɫɚ – 1,15). 
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4. ɍɊȺɅɗɅȿɄɌɊɈɌəɀɆȺɒ ɗɇȿɊȽɈɆȺɒ-ȿɄȺɌȿɊɂɇȻɍɊȽ 
[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨ-ɪɟɚɤɬɨɪɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. – 
ȿɤɚɬɟɪɟɧɛɭɪɝ, 2014. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.uetm.ru/products/147/. 
5. ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɩɨɞɫɬɚɧɰɢɣ - ɇɟɤɥɟɩɚɟɜ Ȼ.ɇ., 
Ʉɪɸɱɤɨɜ ɂ.ɉ.ɢɡɞ., ɩɟɪɟɪɚɛ. ɢ ɞɨɩ. – Ɇɨɫɤɜɚ : ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1998. − 608 ɫ. 
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